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Current Problems in the Sensitometry 


of Color Materials and Processes 


By Franklin C. Williams 


The methods of sensitometry of color materials and processes are special- 
ized developments of the methods of black-and-white sensitometry. The 
nature of the individual material and its intended use govern the specifi- 
cations of the operations of exposing, processing, density measurement, 
and interpretation of results. Apparatus and techniques now available 
are adequate for important applications of sensitometry in the manufacture 


and use of color materials. 


Current research is refining existing methods 


of sensitometric investigation and yielding more significant test results. 


NTEREST IN THE SENSITOMETRY of 
color materials and processes has 
grown rapidly in the motion picture in- 
dustry, especially as the film user rather 


than the film manufacturer has become - 


involved in processing, printing and 
other laboratory phases of color-film 
production. In laboratory operations 
involved in production of black-and- 
white motion pictures; sensitometric 
methods have found important uses. 
- It is reasonable to expect that similar or 
even greater benefits from their use may 
be found in work with color motion 
pictures. Certainly, color-film manu- 
facturers have found color sensitometry 
useful to the point of necessity. Sensi- 
tometric methods of investigation and 


Communication No. 1361 from the Kodak 
Research Laboratories, a paper by Frank- 
lin C. Williams, Research Laboratory, 
Eastman Kodak Co., Kodak Park Works, 
Rochester 4, N.Y. It was read by Dr. 
W. T. Hanson, Jr., of Eastman Kodak 
Co. on October 11, 1949, at the Society’s 
Convention in Hollywood, Calif. 


control have played an essential part in 
the development, production and proc- 
essing of the wide variety of sensitized 
color materials which are now available. 
The extent to which the usefulness of 
color sensitometry can soon be broad- 
ened is indicated by certain aspects of 
the present state of the science and by 
developments which are now in progress. 
It is the intent of this paper to present 
a brief view of this state, and of certain 
current developments, with respect to 
activities in the plants and laboratories 
of the Eastman Kodak Co. 

The general purpose of sensitometric 
investigation is the establishment of 
useful relationships among the elements 
of the chain of operations which result 
in a photographic image; or rather, 
finally, to relate the elements of image 
formation to the impression which the 
photographic image forms in the mind 
of the observer. Sensitometric tests 
usually are required to show how the 
quality of an image is dependent on ex- 
posure, on processing, or on the charac- 
teristics of the materials used. The re- 
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lationships among these and other ele- 
ments are described in terms of physical 
quantities. Sensitometry must, there- 
fore, provide accurate and practical 
means of making the required physical 
measurements. It must also select and 
specify what kind of measurement 
should be made in order that the re- 
sults be most significant. It must fur- 
ther provide systematic interpretation of 
the results. Not all of these things can 
be done at once. To date, development 
of the science of color sensitometry has 
emphasized specification of a few basic 
kinds of measurement, and development 
of accurate and dependable means of 
making them. Only during the past few 
years has vigorous development of sys- 
tematic interpretation of the results of 
these measurements been under way. 

In order that sensitometric testing be 
practical, a further requirement must be 
recognized: The test must be simple. 
It is for this reason that so much of the 
sensitometry .of black-and-white ma- 
terials has been reduced to relationships 
between log exposure and image density. 
This relationship, usually expressed in 
the classic curve of Hurter and Drif- 
field, which is itself a model of sim- 
plicity, is derived from an irreducible 
minimum of straightforward opera- 
tions—exposure, processing and deter- 
mination of image density. A sur- 
prisingly complete knowledge of the 
photographie properties of a film can be 
derived from such a test if it is prop- 
erly specified and conducted. It is 
natural that similar tests should be 
tried as the basis of the sensitometry of 
color materials and processes. Such 
trials have been adequately successful, 
so that most of the procedures of color 
sensitometry that are now in use are 
special adaptations of procedures orig- 
inally successful in the sensitometry of 
black-and-white materials. 

This adaptation of the procedures of 
the sensitometry of black-and-white 
materials has required throughout care- 
ful examination and usually extensive 


revisions of the specification of each 
element of sensitometric operation. 
Furthermore, particularly in specifying 
the objectives of density measurement, 
new concepts have had to be developed. 
A review of these revisions, develop- 
ments and some of the problems of color 
sensitometry can be made by examining 
the elements of routine testing pro- 
cedure in the order of their occurrence. 


Sensitometric Exposures 

Since exposure of the film is the first 
step of the routine, first met are prob- 
lems of knowing and of specifying 
what test exposures should be made, 
and how to make them. The images of 
color films are, of course, sensitively 
dependent upon the quality of the ex- 
posing light. In color-film testing, 
therefore, that quality must be ex- 
tremely well controlled. It must also 
be carefully chosen. In the film plane 
of a camera, a different quality of light 
exists at least at every differently 
colored point of the image. The re- 
sponse of the film to every one of these 
different qualities of light may be im- 
portant. No one quality of light, there- 
fore, can possibly furnish a complete 
test of the color-reproducing abilities 
of the film. An infinite set of qualities 
would be required. But in attempting 
to reduce tests to forms which are both 
simple and significant, effort is con- 
tinuously applied toward specifying, 
for routine tests, a small number of test 
colors which may test the film ade- 
quately. The exposing-light qualities 
which represent these colors are gen- 
erally chosen for one, or both, of two 
purposes. Some colors are used because 
they, and therefore their reproductions, 
are pictorially important. Tests using 
these colors give directly specific but 
limited information about the color- 
reproducing abilities of the film. Other 
exposures may not represent picture 
elements at all, but are chosen to give 
basic information about exposure-image 
relationships. From these relationships, 
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the sensitometrist can determine in- 
directly certain general information 
about the color-reproducing abilities of 
the film. 

In sensitometric testing, both kinds 
of exposure are regularly used. Use of 
exposures which permit product ap- 
praisal by direct physical or psycho- 
physical measurements of color re- 
production has recently been consider- 
ably improved. Work by Brown, 
MacAdam,! and others is extending the 
data of color discrimination in rela- 
tionships involving both chromaticity 
and luminance. This is essential if we 
are to make quantitative comparisons 
of color reproductions under practical 
conditions, which generally involve ap- 
proximations in both chromaticity and 
luminance. In the Eastman Kodak Co.’s 
Color Control Dept., a research group 
working under R. M. Evans is engaged 
in the study of the psychophysical and 
psychological factors involved in the 
perception of colored objects. Their 
findings are giving us a much better 
understanding of the influences of these 
factors in the evaluation of color re- 
production fidelity. Valuable data on 
the relative photographic importance of 
colors are coming from statistical analy- 
sis of the subject content of custom- 
ers’ pictures. Although the results of 
these researches have as yet been ap- 
plied only to product-development work, 
they will soon find their way into routine 
testing procedures. 

Eventually, the reproduction criteria 
arising from such work will permit sys- 
tematic choice of the second kind of test 
colors—those which may not be crit- 
ically important in themselves but 
which will provide sensitive and sig- 
nificant indicators of general reproduc- 
tion quality. With one exception, these 
colors cannot yet be chosen systemati- 
cally. The exception is the color gray. 
Although the intrinsic importance of ac- 
curate reproduction of gray is debat- 
able, a “gray-scale test” is a routine 
procedure in sensitometric testing of 


practically every kind of color film 
made. Years of testing have shown 
that it is a dependable, sensitive indi- 
cator of many important features of the 
color reproduction characteristics of a 
film. 

A sensitometric gray scale on a color 
film is the result of exposing the film to a 
series of intensities of white light. The 
gray-scale exposure, therefore, must be 
made with the kind of light which white 
er gray objects place on the film under 
conditions of normal use. More exact 
definition describes the white or gray 
objects as spectrally nonselective, dif- 
fusely reflecting objects. Specifying 
the conditions of “normal use’”’ requires 
some investigation of the radiant energy 
source and of spectrally selective factors 
in the photographic system. 

For example, in exposures made with 
artificial light, the quality of light in 
gray-object images is primarily deter- 
mined by the original source, such as a 
tungsten lamp, but it is also importantly 
affected by spectral selectivity of the 
reflectors and lenses of the lighting units 
ahd by selective absorption in the 
camera lens. It cannot properly be 
simulated in the laboratory by simply 
matching the energy distribution of the 
unmodified lamp source. A _ special 
lamp-filter combination is required. 
Similarly, in exposures made with 
natural daylight, the white-light quality 
is dependent upon several factors. 
These include the position of the sun, 
the portion of sky effective as illuminant, 
the atmospheric conditions prevailing 
throughout the sky, the orientation of 
the subject with respect to the sky, the 
degree and nature of reflections by 
nearby objects, flare light, lens absorp- 
tions and other minor factors. The de- 
sign of sensitometer light sources must 
include consideration of these factors. 
We now have good approximations for 
some of the required light qualities; 
these include artificial daylight and 
sources duplicating tungsten lighting 
qualities. But the newer light sources 
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in use in motion picture practice and 
elsewhere are difficult to match in a 
sensitometer, especially since sensitom- 
eter sources must be stable and ade- 
quately powerful as well as spectro- 
radiometrically correct. This problem 
is receiving considerable attention. For 
its solution, better spectroradiometric 
data are required than are now avail- 
able, and an instrument for this purpose 
is under construction in our laboratory. 
The actual exposure of film to the 
light quality selected can be made in 
sensitometers already developed for 
sensitometry of black-and-white ma- 
terials. The great importance in color 
sensitometry of making the exposure 
represent normal conditions of time and 
intensity, in order to avoid errors arising 
from failure of the reciprocity law, has 
led to development of special models of 
this apparatus, but no radically new 
principles have been introduced. 


Sensitometric Processing 

The second set of problems in color- 
film sensitometry is met in the process- 
ing of the sensitometric test films. It 
has long been a first principle of sensito- 
metric practice that the processing of 
test samples must satisfy two require- 
ments: It must be repeatable with ex- 
cellent precision, and it must be correct 
in kind. Probably no requirements of 
sensitometric color testing are more 
difficult to meet than these. Correct 
and invariable sensitometric color proc- 
essing is difficult, but where such proc- 
essing must be done, it is being done; 
frequently there is no really acceptable 
alternative course. Improved methods 
of using production processes for sensi- 
tometric tests are constantly under de- 
velopment, and improvement has been 
made, especially in treatment of the 
data, but variable processing can be 
used for evaluation of film character- 
istics only by making some sort of re- 
peated comparison with one or more 
selected “check” films, simultaneously 
processed to furnish a basis of reference. 
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This familiar procedure offers a fre- 
quently useful substitute for direct 
measurement but also a somewhat 
treacherous one, since an adjustment 
based on one process-film combination 
often is not applicable to another. 
Modern methods of statistical analysis 
furnish means of recognizing such cases 
in a properly designed experiment, but 
not of correcting the data. 

The application of advanced statisti- 
cal methods to interpretation of sensito- 
metric data is a course of development 
in color sensitometry which deserves 
early recognition. Statistical methods 
are receiving wide recognition in indus- 
try as a tool especially useful in handling 
processes of complex variability. In 
color photography, known variables 
rarely can be made to operate with 
complete independence. It is possible, 
however, by special statistical methods, 
to extract from complexly variable data 
significant descriptions of the individual 
variations. The methods have been 
reduced to routine forms and are prov- 
ing of great value in both research and 
testing operations. 

A process which is repeatable but 
incorrect also presents difficulties. If 
the testing process does not accurately 
represent the normal treatment of the 
film, appraisal of the product is at 
least uncertain and is sometimes im- 
possible either by direct measurement 
or by comparison with a “check” film. 
Furthermore, considerable experimental 
evidence indicates that the best, and 
quite possibly the only, adequate 
method of maintaining long-time stabil- 
ity in characteristics of film and proc- 
essing, each independent of the other, 
is a combination of a stable reference 
process and extensive chemical analysis. 
Sensitometric color processing, there- 
fore, is the subject of much research 
activity. The research involves both 
special processing apparatus and special 
processing solutions. 

In sensitometry of materials for 
black-and-white photography, there has 
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Fig. 1. Automatic machine for processing sensitometric test strips 
of color films and papers. 


been adequate demonstration of the 
value of processing equipment especially 
designed for sensitometric testing. The 
reciprocating-paddle machine described 
by Jones, Russell and Beacham? has 
been notably successful in providing 
repeatable processing with excellent 
uniformity in its treatment of all 
samples in a particular loading. The 
principles of this machine have been 
applied to color processing with good 
success. Considerable enlargement of 
the equipment is, however, necessary 
to make color-processing output com- 
parable with the usual output of black- 
and-white film. For example, one kind 
of gensitometric color-processing ma- 
chine in use in the Film Testing Dept. 
at Kodak Park is shown in Fig. 1. 
These machines contain eleven de- 


veloping tanks and eleven wash tanks; 
the machines for developing black-and- 
white film contain only one of each. 
In the color-film processing machine, 
the test samples, on racks, are placed 
in light-tight developing units which 
are lowered by motor into the tanks. 
Each machine is equipped with three 
such developing units. Each unit has 
an independent set of paddles and an as- 
sociated drive. The unit of film, paddles 
and drive travels the length of the 
machine on an overhead track, then 
circles back to the starting end for re- 
use. Each unit carries with it a battery 
of 22 clock-driven controllers which 
automatically govern the sequence and 
duration of the process operations. The 
degree of agitation, electronically con- 
trolled, is widely variable and also is 
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automatically selected by the controlling 
panel. The three units, each holding 80 
sample strips and operating independ- 
ently, are spaced far enough apart in 
the machine to let the operator change 
processing solutions between units. It is 
therefore possible to process Koda- 
chrome, Ektachrome and Ektacolor 
films simultaneously on the same test- 
ing machine. 

Smaller machines with fewer auto- 
matic features are useful in process con- 
trol if they are designed to provide 
precisely controlled development. Sev- 
eral such machines have been built and 
have proved capable of producing proc- 
esses of good repetition accuracy. It is 
realized, however, that no sensitometric 
processing machine yet designed is 
ideal, particularly in its ability to imi- 
tate color processing as done in large 
continuous film-strip machines. Fur- 
ther improvements along this line are 
necessary. 

The processing machine is no more 
important than the solutions which go 
into it and is much more easily made 
free of undesirable variation. Sensito- 
metric processes must be repeatable 
not only from day to day, but, if neces- 


_ sary, from year to year. Such repeti- 


tion can be guaranteed only by identi- 
cal handling of the film in solutions of 
identical chemical constitution. A 
good processing machine will provide 
identical handling. A _ perfectly re- 
plenished continuous process would 
provide the identical processing solu- 
tions, but, although recent improve- 
ments in analytical methods promise 
to guarantee nearly perfect replenish- 
ments, this method has not been en- 
tirely satisfactory in sensitometric work. 
Instead, repeated identity of processing 
solutions has been accomplished by 
using, for each test, entirely new solu- 
tions mixed from a homogeneous re- 
serve stock of chemicals. 

The attainment of chemical identity 
in processing solutions is not a simple 
matter. Some solutions used in color 
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processing are sensitive to extremely 
small changes in amount of ingredients 
and to variations in mixing procedure. 
So smal! a thing as the way in which a 
dry chemical is poured into the solution 
can materially affect the sensitometric 
result. We have found, for example, 
improved repetition precision when the 
alkaline ingredients of the solutions 
are dissolved in nearly the ultimate 
solution volume, before any oxidiz- 
able ingredients are present; other- 
wise, the amount of oxidation in the 
high pH region immediately surround- 
ing the dissolving alkali will vary ob- 
jectionably from batch to batch. Small- 
volume mixing requires precision weigh- 
ing, frequently with analytical balances, 
and liquid measurement with volumetric 
pipettes. If precision of chemical 
measurement and handling is adequate, 
repeatable mixes in one-gallon batches 
are possible in apparatus like that 
shown in Fig. 2, a jacketed cone with 
high-speed turbine homogenizer. It is 
preferable, however, to mix in larger 
batches wherever possible. Large- 
batch mixing is economically feasible 
only if the solutions can be stored, 
without deterioration, for later use. 
We have found that chemical solutions 
can be stored successfully by segre- 
gation of reactive components, and in 
difficult cases have found it helpful 
to store solutions just above their 
freezing point. Tests made through- 
out the past year have shown that 
even coupler-developer solutions can 
be made to maintain unchanged proper- 
ties for at least three weeks. 

When the film samples of a sensito- 
metric test have been exposed and 
processed, the testing routine requires 
next that their image densitities be 
determined. We recognize in color 
densitometry two classes of density 
measurement with two distinctly dif- 
ferent purposes: One class is called 
integral densitometry; the other, an- 
alytical densitometry. The purpose of 
integral densitometry is the measure- 
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Fig. 2. Jacketed conical mixing vessel and turbine homogenizer 
for mixing small batches of color-film processing solutions. 


ment of the composite, multilayer 
image to determine some total action, 
some particular effectiveness of the 
integrated image absorptions. The 
purpose of analytical densitometry is 
the determination of the individual 
densities of certain components of the 
image, such as the densities of the in- 
dividual yellow, magenta and cyan 
dyes. 


Printing Densities 

In the sensitometry of color mate- 
rials to date, the most valuable inte- 
gral densitometry has been the measure- 
ment of printing densities. A color 
negative, for example, may be printed 
on a color-print film that has a red- 
sensitive emulsion, a green-sensitive 
emulsion, and a blue-sensitive emulsion. 
The function of the negative is the 
regulation of the amount of exposure 
of each of these emulsions. The nega- 
tive performs this function by absorb- 
ing some of the light which would ex- 


pose these red-, green- and blue-sensi- 
tive emulsions. The amounts of the 
absorptions can be expressed as densi- 
ties called “printing densities.”” Since 
the negative image will usually absorb 
red, green and blue light unequally, it 
will have three different printing densi- 
ties. Each step of a gray scale will, 
therefore, have three printing densities, 
and, if these are plotted as a function 
of log exposure, the gray scale produces 
three characteristic curves. These are 
called the “gray-scale printing-density 
curves.” A set of such curves is 
shown in Fig. 3. 

The determination of printing densi- 
ties by a densitometer requires the use 
of precisely specified kinds of red, green 
and blue light. The* fundamental re- 
quirement is that the printing-density 
densitometer assign to radiant energies 
of various wavelengths the same rela- 
tive importances that would be as- 
signed by the printing system, that is, 
by the combination of printer light and 
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Fig. 3. Printing-density curves of 
the gray scale of a_ color-negative 
material. 


print material. In a simple case, if 
only light of \ 680 my were effective in 
making a red-light print, the printing 
density of the negative would have to be 
determined by measurement with only 
light of \ 680 my. In most practical 
cases, energy of a particular spectral 
distribution throughout a more or less 
broad band is effective in printing, and 
this distribution must be accurately 
reproduced in the density-measuring 


Fig. 4. Automatic recording densitometer for rapid determination 
of printing densities. 
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instrument. Since the densitometer 
must determine three printing densi- 
ties of each image, measuring energy of 
three such distributions must be readily 
available. In achieving these distribu- 
tions, we have thus far managed to 
obtain adequate accuracy by using 
optical filters of specially designed 
transmittance functions. Printing den- 
sities so determined have become ex- 
tremely valuable in product develop- 
ment and control. They are the prin- 
cipal sensitometric measurements used 
in performance inspection of color- 
negative materials. For this use, high- 
speed automatic densitometers have 
been developed. Figure 4 shows a recent 
model. Recently, the severe require- 
ments imposed by colored coupler- 
negative materials have made the de- 
sign of densitometer filters especially 
difficult and, as a result, research has 
been accelerated on the use of other 
means of spectrum selection. An ob- 
vious but difficult means is by disper- 
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sion of the energy of the densitometer 
light source into a spectrum image, 
selection of part of this spectrum by a 
mask, recombination of the transmitted 
portion into a homogeneous mixture 
and use of this energy for the measure- 
ments. We have had an instrument of 
this type under development for several 
years. The difficulties of obtaining 
simultaneously the excellent spectral 
purity and considerable energy re- 
quired in the measuring beam are quite 
severe. 


Analytical Densities 

In some kinds of sensitometric work, 
image description by means of integral 
densities is inadequate. Especially in 
product development and in control of 
manufacturing and processing is knowl- 
edge of the individual dye densities of 
color images important. In such work, 
the desired characteristics of a color- 
film image can be expressed either by 
specifying its integral densities or by 
specifying the required densities of its 
component dyes. If specification is 


by integral densities, an obtained im- 
age can be compared with the desired 
image by integral densitometry, but, 
although this will describe the practical 
effects of any differences, it will not de- 
scribe the differences in a way that indi- 
cates where to apply corrective meas- 


ures. Wherever means are known by 
which individual dye deposits can be 
changed by known amounts in the proc- 
ess of image formation, approaches to 
the desired image characteristics are 
made most efficiently if the desired and 
obtained images are both described in 
terms of the individual dyes. Such a 
description is obtained by analytical 
densitometry and usually consists of a 
set of equivalent neutral densities. 
Equivalent neutral density is a unit for 
systematically expressing the densities 
of the individual dyes of a subtractive 
process in terms of their abilities to form 
grays. Asdefined by Evans,’ the equiv- 
alent neutral density of a dye deposit 


in a subtractive color process is the 
density of the gray that would be 
formed by adding to that dye deposit the 
just-required amounts of the other 
dyes of the process. Figure 5 shows a 
set of equivalent neutral-density curves. 
Evans described an instrument for 
determining equivalent neutral den- 
sity, but other methods have since been 
developed for faster determination, less 
subject to an operator’s judgment. 


n 


n 


Equivalent Neutral Density 
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Fig. 5. Equivalent neutral-density 
curves of the gray scale of a pro- 
fessional sheet-film material. 


One method, first described by Heymer 
and Sundhoff* in Germany, has been 
developed by the Film Testing Dept. in 
Kodak Park to a point that permits 
high-speed measurement. It requires 
an instrument that provides two identi- 
cal light beams; the sample, in one 
beam, is synthetically matched by a 
combination of dye wedges in the other 
beam. A recent model is shown in Fig. 
6. This model automatically makes all 
adjustments required in the analysis. 
The theory of analysis with instruments 
of this type involves fewer simplifying 
assumptions and approximations than 
are involved in other methods, but the 
cost of the instrument is high. Research 
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in the Kodak Laboratories has been 
directed toward the development of 
simpler means of analysis, particularly 
of one in which the required measure- 
ments are densities of the image deter- 
mined by use of three narrow bands of 
light, one each in the blue, green and red 
spectral regions. By a system of co- 
ordinate transformation, these three 
integral densities are made to yield the 
required equivalent neutral densities. 
Instruments capable of measuring the 
integral densities are made commercially 
by several manufacturers and have been 
made by many sensitometrists them- 
selves, but these instruments vary 
widely in their performance characteris- 
ties and abilities. Different instru- 
ments produce not only different inte- 
gral density values but also conflicting 


analytical density values. This condi- 
tion may be improved by activity of a 
committee of the American Standards 
Association which is attempting some 
standardization of color densitometry. 
In our laboratory, we use a densitometer 
of our own design and perform the co- 
ordinate transformations by a specially 
designed electrical analog computer, 
shown in Fig. 7. Integral density 
values are placed in it by setting three 
potentiometer dials. Closing one of the 
switches in the lower right-hand corner 
completes a circuit which instantly 
computes the equivalent neutral-den- 
sity value of the cyan dye and acti- 
vates a servo mechanism which ro- 
tates the central upper dial to the cor- 
rect equivalent neutral-density figure. 
Upon opening the first switch and clos- 


Fig. 6. Automatic analytical color densitometer. 
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ing a second, the magenta equivalent 
neutral density replaces the cyan-den- 
sity figure; a third switch causes the 
yellow equivalent neutral density to 
appear. Accuracy of the computed 
transformed density value is better 
than 0.01. 

In this work, as elsewhere in color 
sensitometry, the elementary theory is 
simple, but improvements past the ele- 
mentary point involve labor among 
complex phenomena. A great deal of 
recent research on improvement of 
color-density measurements has been 
concerned with determining the real 
significance of image-analysis data. 
An essential step in this investigation 
is the derivation of an accurate spectro- 
photometric description of the mini- 
mum set of variables which can be 
combined to reproduce not only all the 
colors of which the process is capable 
but all the spectrophotometric distribu- 
tions as well. Mathematical procedures 
for handling this problem have been 
developed. The analytical compo- 


nents so determined are being used in a 
study of product and processing varia- 


tions to determine whether present 
methods of analysis yield the most sig- 
nificant data possible. 

The fact that this work is being done 
is evidence that development of color 
sensitometry even now is growing out 
of its first stage, in which emphasis has 
been placed on the improvement of 
precision and accuracy of measure- 
ment. It is passing into the next phase, 
in which measurements, made with 
techniques of adequate precision and 
accuracy already achieved, are to be 
applied to more significant tests. Prog- 
ress is being made toward the day 
when sensitometric methods may be 
as definitive in the specification of 
color-film quality as they are in the 
specification of quality of materials for 
black-and-white photography. That 
day has not yet come, but a great deal 
of progress has already been made. 


Present-day tests are valuable tests. - 


They require precise application of a 
carefully chosen exposure, a correct, 
precisely controlled color process, and 
densitometry by an accurate, rapid 
instrument which measures a specific 
kind of density particularly suited to 
derivation of significant information. 
By use of these solidly founded elements, 
it is possible to draw sensitometric 
curves on which we can make signifi- 
cant, though still experimental, meas- 
urements of contrasts, gradients, speeds, 
densities, exposure latitude and other 
important features of the material. 
These things are being done hundreds of 
times every day, furnishing information 
which is reliable and definitive. 

Color sensitometry, therefore, stands 
now in a solid position of usefulness, 
with a good deal of accomplishment 
already behind it. Its immediate prob- 
lems are those of improvement and ex- 
ploitation of demonstrated techniques 
while pursuing a background develop- 
ment of new methods. The course of 
development will, in the near future as 
in the past, be considerably in‘luenced 
by the demands of new products and 
new applications. 


Fig. 7. Electrical analog computer 
for determining equivalent neutral 
densities from narrow-band integral 
densities. 
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Discussion 

Dr. GuNDELFINGER (Chairman of the 
Session ), to Dr. Hanson who delivered Mr. 
Williams’s paper: Doctor, I might just 
point out one thing. I believe that densi- 


tometer wedges must consist, must they 
not, of the same components that are used 
in the color processes? 

Dr. Hanson: Yes, they must be com- 
posed of those components that are used 
in the process. 

Dr. Gaspar: Is the power-type agita- 
tion the generally adopted method? 

Dr. Hanson: Yes, that is true. Both 
of the machines that are shown in the 
slides have paddle-type agitation. In both 
machines the paddles are variable in speed 
and in the larger machine, in pitch, so 
the distance from the surface of the film 
to the paddle may be varied. 

Dr. Gaspar: Do they move parallel to 
the film? 

Dr. Hanson: They move across a 35- 
mm film. I might add that the general 
type of machine that has been used has 
been described by Jones, Russell and 
Beacham in the Society’s JouRNAL [ref. 2 
above]. 
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A Direct-Reading 
Equivalent Densitometer 


By A. F. Thiels 


The definition of equivalent density of a primary color of a multilayer color 
film is given and a direct-reading photoelectric equivalent densitometer is 
described. The method of operation of the instrument is explained and 
the basic features of the electronic circuit and the optical and mechanical 


layouts are given. 


The apparatus has made it possible to make direct 


measurements of the density of any one primary color of a color film with- 
out being affected by the presence, if any, of other primaries. 


RESENT-DAY COLOR FILMS consist 

principally of three emulsion lay- 
ers in each of which, after exposure and 
color development, a color is formed: 
yellow in the blue-sensitive top layer, 
magenta in the green-sensitive middle 
layer and blue-green (cyan) in the red- 
sensitive bottom layer. These are 
called primary colors and will be re- 
ferred to as follows: 


j, yellow* 
m, Magenta 
c, cyan (blue-green) 


In the subtractive color composition 
practically all color variations can be 
reproduced by varying the relative pro- 
portions of the color density of the pri- 


A contribution submitted March 22, 1950, 
by A. F. Thiels, Gevaert Photo-Products, 
Antwerp, Belgium. 

*Designation of yellow by j follows the 
practice of Bingham‘ in which footnote 2 
on p. 371 notes: The letters J and j are 
used instead of Y and y to represent den- 
sities in the yellow layer in order to avoid 
conflict with the notation of additive 
colorimetry. 


mary colors. In order to measure 
these color quantities in the sensi- 
tometry of color film, the equivalent 
density precept has come into current 
use.})2 

The equivalent density of a primary 
color is the neutral density which is ob- 
tained when the required quantities of 
two other primaries are added to the 
primary color to form a visually neu- 
tral gray. The determination of equiv- 
alent densities is therefore always linked 
to a selection of three primary colors, 
and is, furthermore, dependent on the 
lighting condition under which the film 
is visually examined. 

The significance of this precept be- 
comes more obvious when it is taken into 
consideration that a gray step wedge ex- 
posed in an intensity sensitometer 
should reproduce a wedge having all 
its steps neutral gray. The character- 
istic sensitometric curves of such a 
gray step wedge expressed in equiva- 
lent densities will by definition coincide 
(Fig. 1A). If, however, some of the 
steps are not neutral gray, the curves 
will no longer coincide; for example, 
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Fig.1A. Characteristic sensi- 
tometric curves of a well-bal- 
anced color step wedge. 
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Fig. 1B. Characteristic sensi- 
tometric curves of an unbal- 
anced color step wedge. 


EQUIVALENT DENSITY 


Fig. 2. Spectral dia- 
gram of a typical selec- 
tion of primary colors. 
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when they have a touch of blue, the 
“yellow equivalent curve” will be low- 
est. The amount by which the color 
balance has been disturbed can be read 
directly from the curves. 

For instance, on a step wedge of which 
sensitometric curves are as shown in 
Fig. 1B, the lowest densities have a 
bluish hue, the medium ones are neu- 
tral and the highest densities will have 
a brownish tint because of the pre- 
dominance of yellow. 

For the purpose of determining the 


me 700 


characteristic curve of each layer, it is 
not possible to separate the different 
layers of the material and measure- 
ments must be carried out on the multi- 
layer film as a whole. Different meth- 
ods can be used in order to arrive at 
more or less accurate evaluations of the 
sensitometric curves of the individual 
layers: (a) by the conversion of meas- 
urements at three different wave- 
lengths**; (b) by the recomposition of 
the color by means of three standardized 
primary color filters.*® 
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Fig. 3. General layout of the equivalent densitometer. 


These methods are slow and, in addi- 
tion to elaborate calculations, require 
specially trained personnel. Hence, 
methods had to be evolved by which 
direct determination could be obtained 
of sensitometric characteristics of the 
complete multilayer color film. Such a 
method is afforded by the equivalent 
densitometer. 


The Equivalent Densitometer 

To facilitate the understanding of its 
operation, a study of the spectral dia- 
gram of a subtractive color layer will 
be of great assistance. Figure 2 shows 
the spectral-density curves of a typical 
selection of primary colors and also the 
density curve of the composition formed 
by them. The information which is 
sought is the proportion of jg of the 
yellow primary in the multilayer. 
Actually only the total density (through 
a narrow-cut blue filter) can be meas- 
ured: 


B = js + mp + cp 


If it were possible to subtract auto- 
matically the proportions of the second- 
ary absorptions, mg and cg, from the 
total measurement, the desired pur- 
pose would be attained. 

Assuming a linear relationship be- 


tween the secondary and the peak ab- 
sorption of a primary color (which ele- 
mentarily proves to be correct), thus, 
= constant and = con- 
stant with similar notations for other 
secondary absorptions, it may be in- 
ferred [see references 3 and 5] that the 
equivalent density, 7, m and c of the 
three primaries, is found by the solu- 
tion of the linear system of three equa- 
tions: 

J = — kuG — kuR 

m= —kyB + knG (I) 

c = —kyB — + kak 


B, G and R are total measurements 
through narrow-cut blue, green and red 
filters. The constants, ky, ... , kes, 
are positive numbers which are obtained 
from the absorption curves of the pri- 
mary colors. The equivalent densi- 
tometer automatically solves this prob- 
lem. 


General Scheme 

After passing through a heat-absorb- 
ing screen, the light of a stabilized 
underrated low-voltage lamp (Fig. 3) is 
collimated by a lens into a parallel 
beam which, by means of an adjustable 
set of totally reflecting prisms, is di- 
rected through one of the concentrically 
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Fig. 4. Simplified layout of the electrical circuit of the equivalent 


arranged filter sets situated in a revolv- 
ing dise. Through a second Jens the 
rays are then converged and, after 
traversing a circular aperture and the 
sample strip to be measured, are di- 
rected onto the cathode of a photoelec- 
tric cell. 

When the prisms are adjusted to di- 
rect the rays through the outer set of 
filters situated in the revolving disc, 
the equivalent density of the yellow 
primary can be measured in this posi- 
tion. 

As the disc revolves at a constant 
speed of 2000 rpm, regular flashes of 
blue, green and red light strike the pho- 
toelectric cell and the currents gener- 
ated in the latter are amplified and con- 
ducted to the measuring instrument. 
By means of the polarity reverser 
(magnetic inductor) which is mounted 
on the shaft of the rotating disc, the 
blue flashes are caused to pass through 
the d-c meter in a positive direction, the 
red and green flashes, respectively, in a 


- negative direction. Furthermore, since 


’ the lengths of the filter bands are so 


balanced that after amplification the 


16 


densitometer. 


light impulses are proportional with the 
constants, ky, and (shown in the 
first equation of the linear system I), 
it is possible to determine the quantity 
of j. Similarly, the other quantities, 
m and c, which are the equivalent 
densities of magenta and cyan, can be 
determined by adjusting the prisms to 
the corresponding filter segments of the 
rotating disc. 

At the outset, the “density” of the 
selective filters was such that the com- 
bination of light source, filter and pho- 
toelectric cell statically gave identical 
readings for the three filters. Later it 
will be seen that, in order to make cer- 
tain corrections, filter densities which 
are not always equal were adopted. 


Basic Circuit 

Figure 4 shows a simplified diagram of 
the amplifier circuit. The current gen- 
erated in the photoelectric cell by light 
impulses is amplified in the first triode 
tube, of which the upper part of the tube 
characteristic is used to obtain an al- 
most logarithmic amplification. The 
grid bias-resistance contributes toward 
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the achievement of this result.6 The 
amplified signal is then transmitted to 
the parallel-coupled control grids of 
two heptodes. These act as a barrier 
and during one half revolution of the 
filter disc the left tube passes the signal, 
while during the other half revolution 
the right tube does likewise, in order that 
the direction of the current through 
the meter is alternatively reversed. 
This is attained by directing high 
square-wave voltages (+40 v) which 
vary in phase by 180 degrees, to the 
modulation grids of the heptodes. 

The square-wave voltages are gen- 
erated in the magnetic inductor which 
is synchronized with the revolving filter 
disc.* A 2-filter only lets pass the re- 
sultant direct current thus protecting 
the meter against excessive alternating 
currents and eliminating vibration of 
the needle. The meter is a d-c 100- 
microammeter of which the scale, 125 


* The same result can be obtained by pro- 
jecting light impulses of determined 
lengths synchronized with the revolving 
filter disc onto a set of photoelectric cells. 
Also, note the description of the improved 
electronic circuit given at the end of this 


paper. 
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4 REVOLUTION OF FILTER DISC 


Diagram of periodic impulses through the meter. 


mm in length, is calibrated in equiva- 
lent densities. The scale reads from 0 
to 3. The shunt on the meter is so 
selected that a quick response of the 
needle is assured. 

It is possible to make an electrical 
circuit by which a logarithmic ampli- 
fication is obtained. Such an amplifica- 
tion gives a linear density scale over the 
whole measurable range.* Preference 
has been given to the adoption of a 
squared density scale. Although the 
intervals on this scale become somewhat 
short at the higher densities, they are 
nevertheless quite distinct and the 
accuracy in reading is not affected as 
is the case with logarithmic scales. 

This amplification has the advantage 
that by an adequate choice of the selec- 
tive filter densities certain apparent 
deviations of the Lambert-Beer law 
can be compensated, e.g., those caused 
by the curvature of the absorption 
curves of the selective filters, by fog 
other than that caused by dye com- 
ponents or by slight variations in the 
proportion of secondary and peak ab- 
sorptions of the primary colors in func- 
tion of density. 

In fact, a closer observation of the 
impulse registration (Fig. 5) reveals, for 
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example, that the impulse through the 
meter, + ky, B = surface h X b, depends 
as much on the quantum of density 
(height A), which is the sum of the 
density of the (blue) selective filter and 
film density, as on the length of the 
filter (width 6). 

Changing the density of the filter and 
its length (while holding k,B constant) 
moves the operating range of the triode 
to a different portion of its nonlinear 
control characteristic. Thus different 
deviations from linearity could be ob- 
tained from the impulses provided by 
each filter. 

For a linear relation between density 
and meter current, the filter density 
may be varied providing the length of 
the filter is properly adjusted so that 
the surface remains b X h = kuB.* 
This applies for whatever sample den- 
sity is placed in front of the photoelec- 
tric cell. When the scale is not linear 
but, for example, squared, deviations 
will occur. 

We shall not go further into these cor- 
rections now, but meanwhile it is clear 
that for constant-density disparities in 
the film strip, constant-current vari- 
ations will show on the meter when the 
relationship is linear, and furthermore, 
that these constant-density disparities 
give no constant-current variations over 
several points of the meter scale, when 
the relationship ceases to be linear. 
These deviations allow compensation 
for the above-mentioned errors and 
they make the equivalent curves of the 
three primary colors coincide better. 


Calibration of the Apparatus 

The lengths of the filters in the circu- 
lar slits of the disc are adjustable by 
means of sliding cover plates. The 
length of dark spaces between filters 
has no influence on the result because the 
“barrier tubes” do not allow current 


: to pass when no light strikes the photo- 
- electric cell. Therefore, the dark sec- 


* (f.1. the broken-line rectangle) 


tions of the positive and the negative 
halves need not be equalized, which 
greatly simplifies the adjustment. 

For each filter segment the relative 
lengths of the positive and negative 
selective filters have to be so adjusted 
that the apparatus will perceive only one 
of the primary colors. When, for ex- 
ample, the light traverses the outer 
filter segment of the dise which measures 
the yellow equivalent density of a film 
strip, the meter should respond to a 
density variation of the yellow primary, 
but not for density variations of the two 
other primary colors. By a careful selec- 
tion of the filters and accurate adjustment 
of the filter lengths for any density of a 
primary color to be measured, needle 
deflections of less than 0.02 are obtained 
at any position on the scale for density 
variations of the other two primaries 
ranging from 0 to 3, no matter whether 
these densities are placed together or 
separately in front of the photocell. 

After the ratios of lengths of the three 
filters have been established within each 
filter circle, these ratios must be pre- 
served during an additional adjust- 
ment. This adjustment consists of 
proportional changes in the over-all 
lengths of the filters in the concentric cir- 
cles, so that the meter deviations should 
be identical for the three positions of the 
reflecting prisms when measuring a vis- 
ual neutral gray. This adjustment is 
necessary to make the densities of all 
three dyes register properly on a single 
meter scale. To this effect a series of 
visually neutral gray steps are carefully 
selected by a light of 3000 K. 

The absolute length of the filters is 
finally established when the shunt rheo- 
stat, which is necessary to adjust the 
meter to zero, just critically damps the 
meter. 

Lastly, the specular density of the 
neutral gray steps is determined with 
the aid of an optical densitometer 
(Martens’ Polarisation Photometer) and 
on the basis of this measurement a scale 
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Fig. 6. 
is calibrated in specular equivalent 


densities.* 

The adjustment of the apparatus is 
quite simple. The prisms are first 
aligned with the middle filter segment 
(measurement of the equivalent ma- 
genta). A calibrated filter of density = 
3 is inserted in the head of the swivel 
measuring arm and placed in position in 
front of the photoelectric cell. By 
means of the regulator the needle of the 
meter is set on density 3 on the scale. 
The calibrating filter is then slid aside 
and the meter set to zero by a second 
control. The latter adjustment does 
not influence the former. The instru- 
ment is now ready for use. 

The apparatus is fitted with a ratchet- 
slide which allows the wedge to be ad- 
vanced layer by layer facing the aper- 
ture. This makes it possible to meas- 


* In this respect, it is not essential that the 
optical system should fill the requirements 
of specular measurements.” 


Practical construction of the instrument. 


ure the color wedge layer by layer and 
overcomes the necessity of , readjust- 
ment of the prisms for each step. The 
ratchet-slide assures that at every move 
exactly the same area of the wedge 
faces the aperture. For routine work 
the measuring arm can be fixed just 
above the test wedge. ; 

The filter discs are made interchange- 
able so that the appropriate dise can be 
fitted for each set of primary colors. 
In theory it is possible to change the 
calibration of the apparatus electrically, 
but this implies the risk of errors and in- 
accuracies in the adjustment and there- 
fore preference is given to the inter- 
changeable discs. 

The photograph (Fig. 6) shows the 
practical construction of the instru- 
ment. 


Stability of the Apparatus 

Special care had to be taken with 
the stability of the apparatus in view 
of the industrial line fluctuations. 
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With the apparatus under review, 
line voltage variations can be main- 
tained within + 1% by the introduc- 
tion of a magnetic voltage stabilizer on 
the input line. The built-in voltage- 
regulator tubes and current regulators 
assure a stabilization of less than 
0.1% for the crucial parts of the circuit. 
They completely check slow voltage 
changes over an interval of a few cycles. 
Short surges, if they occur at the mo- 
ment when the photoelectric cell receives 
an impulse, are absorbed by the heavy 
choke which protects the meter. In 
order to increase the stability, the fila- 
ment current of the first triode was re- 
duced to 200 ma and stabilized with a 
ballast tube. In this way, no readable 
changes in full-scale deflections are 
noticeable with line voltage variations 
from 75 to 140 v (nominal voltage being 
125 v). Table I shows a series of meas- 
urements of the magenta primary of a 
gray step wedge for voltages ranging 
- from 135 to 75 v. No additional adjust- 
ments were made during the measuring. 

Lacking a frequency generator, the 


systematic examination of the line fre- 


quencies is impossible. In practice, 
however, no effects of frequency vari- 
ations of the line are experienced be- 
tween 48.5 and 50.5 periods. 

The consumption of the apparatus is 
80 w and the warming-up time is about 
five minutes. 

The instrument has been in use in our 
laboratories for about nine months and 
proved to be reliable. A standardized 


Table I. 


neutral wedge was measured every three 
or four days over a period of approxi- 
mately two months. The maximum 
deviation recorded was 0.05, in the re- 
gion of density = 2. This deviation 
was partly due to inaccurate position- 
ing of the standard wedge in the ratchet- 
slide and may partly be attributed to 
the aging of the tubes and the photo- 
electric cell (variations in color sensi- 
tivity). 
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[ADDENDUM: Since this paper was 
submitted, the author has developed an 
improved circuit which is reported to have 
given entirely reliable service during the 
last half of 1950. The author has kindly 
supplied the diagram and brief description 
for inclusion at press time.—Ed. | 


Improved Electronic Circuit 


It is possible to use photoelectric cells 
to generate the synchronized square 


wave. As the construction with photo- 
electric cells, to replace the magnetic 
inductor, is of more universal practice, 
we here describe a complete circuit 
(Fig. 7) showing the disposition of the 
cells. 

The use of photocells makes it possi- 
ble, in addition, to take the length of the 
“positive filter” longer than 180° (e.g., 
“positive filter” 240°—‘negative filter” 
120°) so that the circumference may be 
more advantageously utilized. 

The addition of an amplifier stage be- 
hind the barrier-lamps has the advan- 
tage that a more robust meter can be 
used (1- to 3-ma), whilst the amplifying 
characteristic of this stage can be so 
selected that a linear-density scale can 
be drawn on the dial. 
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A Versatile Densitometer for Color Films 


By A. C. Lapsley and J. P. Weiss 


A new densitometer for the analysis of color films reads densities with a 
narrow wavelength band at any desired wavelength between 350 and 760 
my. This instrument was constructed utilizing two commercially avail- 
able units: a Coleman Model 10-S Double Monochromator Spectrophotom- 


eter and a Western Electric RA-1100-B Densitometer. 


It has performed 


quite satisfactorily during more than two years of continuous service. 


of color film re- 
quired an instrument for measur- 
ing the spectral densities of dye images. 
For maximum utility, the instrument 
had to meet a number of specifications. 
First, density measurements were to be 
made with essentially monochromatic 
illumination. Second, provisions for 
measuring density at any wavelength 
were desired, because for research pur- 
poses density readings made at the 
wavelength of maximum absorption of a 
given dye were most useful. Another 
requirement was the ability to read to 
quite high densities, at least 4.0. This 
requirement was even more important 
for color densitometry than for black- 
and-white, since the spectral density of 
a dye may exceed appreciably the neu- 
tral density to which it contributes. 
Accuracy was another obvious require- 
ment. To measure subtractive dyes ac- 
curately at high densities, only a very 


Presented on October 17, 1950, at the 
Society’s Convention at Lake Placid, 
N.Y., by A. C. Lapsley and J. P. Weiss, 
Technical Div., Photo Products Dept., 
E. I. du Pont de Nemours & Co., Inc., 
Parlin, N.J. 


low percentage of stray white light could 
be tolerated in the monochromatic 
beam. Rapid and convenient operation 
was also specified. The instrument had 
to be operated by nontechnical person- 
nel with sufficient rapidity to handle a 
large volume of color-film sensitometric 
strips. Reliable, trouble-free operation 
was also highly important. 

Since none of the commercially avail- 
able color-measuring instruments com- 
bined all the desired features, it was 
necessary to design one. In the inter- 
ests of low design cost and maximum 
reliability an effort was made to utilize 
existing, proven components wherever 
possible. 


Description 

A special densitometer was con- 
structed, incorporating a modified Cole- 
man Model 10-S DM Spectrophotom- 
eter (made by American Instrument 
Co.) as the light-source unit and a 
Western Electric RA-1100-B Densitom- 
eter as the indicator. To obtain suf- 
ficient sensitivity to the radiant energy 
transmitted by the colored images, it 
was necessary to use a multiplier photo- 
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COLEMAN DOUBLE MONOCHROMATOR 
OPTICAL E 


WESTERN 
RA-l100 B 
DENSITOMETER 


ELECTRIC 


Fig. 1. Schematic layout of Color Densitometer. 

Light originating at source S is resolved into monochromatic beam by the 
diffraction gratings, G, and Gz. Exit beam is focused by lens L, onto den- 
sity located at A. Transmitted light is received by multiplier phototube M 
which is in turn electrically connected to the Western Electric Densitometer. 


tube. Direct-current voltage for the 
phototube was provided by a rectifier 
and filter operating from the a-c lines. 
The schematic diagram of the color 
densitometer appears as Fig. 1. The 
portion enclosed within the dotted lines 
is the original Coleman optical system. 
The light source, S, is a lamp with a 
vertical coiled, line filament which acts 
as the entrance slit of the monochroma- 
tor. The first transmission grating, G;, 
cemented to condenser lens L;, forms 
its spectrum across a fixed slit, 8), 
which passes a narrow spectral band 
into the second dispersing system. 
This light is collimated by lens L, and 
is reflected by a right-angle prism, P, 
through the second grating, Ge, and is 
focused on slit S; by lens Ls. The de- 
sired wavelength is selected by rotating 
the cam, W, which, linked by arms, 
swings source-slit S and rotates prism P 


so that the spectrum is swept across 
slit S:, and the same wavelengths pass 
through both S; and §, at all times. 
Added to the Coleman Spectro- 
photometer is a filter system, F, to re- 
duce residual stray white light to a neg- 
ligible amount. While the double grat- 
ing monochromator passes only a smal! 
amount of stray white light, stated as 
being a fraction of a per cent, the re- 
quirement of light purity is very strin- 
gent if dye densities up to4.0(a transmit- 
tance of 0.01%) are to be read. The 
subtractive dyes used in color photogra- 
phy have fairly narrow absorption 
bands, roughly one-third the visible 
spectrum, and they transmit the other 
two-thirds of the spectrum quite freely 
To minimize errors from this cause, the 
appropriate one of five fairly narrow 
band-pass filters may be put into the 
light beam. The transmittance of these 
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Fig. 2. Transmission curves of auxiliary filter system. 
Each filter combination transmits only a limited portion of the 
spectrum and eliminates the major portion of any stray light that 
leaks through the monochromator system. 


filters is shown in Fig. 2, where it is 
seen that they give a fairly complete 
coverage of wavelengths in the 400- to 
700-my range. 

To provide a pulsating signal to the 
Western Electric amplifier, which is 
tuned to a frequency of 450 cycles/sec, 
the light is interrupted by a chopper, 
C. This consists of a 15-slot disc 
driven by an 1800-rpm synchronous 
motor, just as in the original light 


source of the Western Electric Den- 
sitometer. 

Additional elements to complete the 
light-source unit are a lens, Ly, to focus 
an image of exit slit, S:, at the film aper- 
ture, A, and two mirrors which cause 
the final image to be oriented properly. 
The film aperture and the sensitometric 
strip-holder are identical with those on 
the Western Electric instrument. The 
multiplier phototube, M, mounted be- 
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low the aperture, A, receives the light 
transmitted by the film. The output 
of the phototube is electrically con- 
nected to the amplifier of the Western 
Electric Densitometer. 

Figure 3 is a photograph of the light 
source unit with housing removed. 
The L-shaped casting contains the 
Coleman optical elements. The light 
source is at the left of the casting. The 
knob and dial near the light source 
comprise the wavelength control. The 
knob at the right of the casting is for 
the filter system. Clearly seen is the 
slotted interrupter disc and its motor. 
The black housing in front of the dise 
contains the lens and mirror system 


which focuses the exit slit of the mono- 
chromator on the photographic film 
being analyzed. 

The light transmitted by the film 
sample falls on the multiplier photo- 
tube mounted below the film aperture. 
A 1P22 tube was selected as having 
appropriate spectral sensitivity. It 
has considerable sensitivity at 709 muy, 
where response is wanted, but falls off 
rapidly in sensitivity at about 750 muy. 
Infrared response must be kept low 
since the infrared transmission of most 
organic dyes might otherwise lead to 
spurious density readings. 

The wiring diagram is shown in Fig. 
4. Direct-current voltage for the multi- 


Fig. 3. View of light-source unit with housing removed. 

Large casting to the rear contains Coleman double monochromator optics. The 
motor-slotted disc combination at the exit of the housing serves as a light interrupter 
which allows an a-c electrical signal to be picked up from the phototube. Housing on 
the near side of the motor contains a mirror-lens system for focusing and orienting the 
light from the exit slit onto the density to be analyzed. 


26 January 1951 Journal of the SMPTE Vol. 56 


| 
ler 
7 
| 


ReRs 


Fig. 4. Wiring diagram of the Color Densitometer. 


High voltage supply to the multiplier phototube, V;, and low voltage supply 
to the light interrupter motor, M:, and light source, S,, are shown. 


Fig. 5. The mounting of Color and Western Electric Densitometers. 


The meter on the Western Electric unit has been rotated 
to face the Color Densitometer operator. 


Lapsley and Weiss: Densitometer for Color 


‘| 
| 
~ 
4 3 
ap 
| 
| | 
} 
! 
! 
SHIELD | 
. 
Rw Ts Oo (5) | 
E | \ © ; 
Ts 
\ | 
M \ 
woac \ 
° 
{ 
© " 


plier phototube dynodes is provided by 
rectifying and filtering the output of a 
high-voltage transformer. The two- 
section filter reduces the residual a-c 
signal to a level too low to cause errors, 
even at high densities. Since the out- 
put of the 1P22 as a function of wave- 
length is quite nonuniform, a gain con- 
trol independent of that available in 
the Western Electric amplifier is needed. 
This is supplied by the autotransformer, 
T:, which varies the supply voltage to 
the 1P22. By doing this rather than 
varying the intensity of the light source, 
the maximum signal-to-noise ratio is 
maintained at any wavelength setting. 
Line-voltage fluctuations are compen- 
sated by using a voltage stabilizer. 
The other wiring shown in Fig. 4 is 
for the light source and synchronous 
motor. 

The signal output from the 1P22 
phototube is fed directly to the first 
amplification stage of the Western 
Electric RA-1100-B Densitometer,* 
an instrument very well known in the 
motion picture industry. The con- 
nection is made, through a shielded co- 
axial cable, in parallel with the No. 929 
phototube of the Western Electric 
Densitometer; this allows use of the 
instrument as either a black-and-white 
or a color densitometer without switch- 
ing. 

The complete color densitometer as- 
sembly is shown in Fig. 5. The mono- 
chromatic light source is to the right 
and the Western Electric Densitometer 
to the left. It may be noted that the 
density meter of the latter has been ro- 
tated to face the operator of the color 
densitometer. The meter has been 
mounted on a column and may be 
swung to face an operator of either 
instrument. 


*J. G. Frayne and G, R. Crane, ‘‘A preci- 
sion integrating sphere densitometer,” 
Jour. SMPE, vol. 35, pp. 184-200, Aug. 
1940. 


Performance 

As noted in the introduction of this 
paper, one of. the requirements of the 
color densitometer was a high degree 
of accuracy. This has been checked, 
both for phototube and amplifier linear- 
ity, and for the presence of minute 
amounts of stray white light in the 
monochromatic beam. Linearity tests 
were made with specially constructed 
neutral density “filters.” These were 
thin brass discs perforated with a 
series of uniformly spaced holes. Their 
densities were cajculated from the size 
and spacing of the holes and checked 
experimentally on an accurate photom- 
eter. Two such discs, having densities 
of 0.495 and 1.015, were on hand. 
At various selected wavelengths, these 
filters were individually introduced 
into the light beam and the indicated 
densities recorded. Then with the 
filters removed, the light intensity was 
reduced until the meter indicated the 
value recorded for the 1.015 filter. 
At this light level the two discs were 
again introduced into the beam and the 
densities recorded. This process was 
repeated until an indicated top density 
of 4.060 was reached. The results are 
shown in Table I. 

Up to the top density of 4.00 it is 
seen that there is good linearity at wave- 
lengths throughout the visible spectrum. 
The shouldering that appears at 350 
and 760 my at high densities is probably 
the result of phototube noise caused by 
the high voltage that has to be applied 
to it at these wavelengths. 

The above checks, however, would 
not indicate the presence of stray white 
light. This can be serious, for if there 
is 0.01% unwanted light which is not 
absorbed by the selective dye, it will 
cause a density error of 0.002 at a den- 
sity level of 2.0, 0.02 at a level of 3.0, 
0.12 at 3.5 and 0.32 at 4.0. This rapid 
increase of the error at high densities 
suggests a ready method of checking. 
This is to measure the density of two 
selective absorbers at the level of 2.0 
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Table 1. Densities measured 
at various wavelengths. 


Wavelengths, mu 
440 540 700 


and to measure the density of their 
combination. Such a test has been car- 
ried out on a sample of color film in the 
wavelength region 600-700 my, with the 
results tabulated in Table II. It is 
seen that there is no noticeable error 
caused by stray light. 

The color densitometer has given 
quite trouble-free performance. It has 
been in daily use for over two years. 
The only attention required has been 
occasional replacement of the lamp. 


Discussion 

M. C. Townstey: Is the receiver which 
receives the energy after it passes through 
the film so arranged that it reads diffuse 
density or is it substantially specular 
density? 

Mr. Lapstey: Actually, it probably 
reads a combination, but closer to specular 
density. That is, we don’t have any in- 
tegrating sphere. We use light which is 
focused onto film and which diverges be- 
yond the film “he phototube is mounted 
close enough it catches all of the 
light that passe. * the film, or at 


Table II. Density checking results. 


Fe 


Wave- 
length, Strip 1 Strip 2 Strips 1 
my 


O 


least a major portion of it. This instru- 
ment as we built it was designed primarily 
for color-film work, using dyes which 
have only a negligible amount of scatter- 
ing, and it is our opinion, which has been 
checked up to the limits that we can check, 
that the density it measures would ac- 
tually be the specular and diffuse density. 

Mr. Towns.ey: Do you feel that, for a 
dye material, the specular density and 
diffuse density are not very different? 

Mr. Lapstey: That is correct. We of 
course could not make measurements on 
black-and-white film with that instru- 
ment, but there would be no point in doing 
so. 
Anonymous: Have you found any dif- 
ficulty with selective fatiguing of the mul- 
tiplier phototubes? 

Mr. Lapstey: We have not found any 
difficulty with that as such. Mainte- 
nance of a constant relationship of out- 
put versus wavelength is not required for 
proper operation of this instrument. 
Zero adjustment is convenient and is 
made for the wavelength selected just 
before density measurements are made. 
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Recent Studies on Standardizing 


the Dubray-Howell Perforation 


for Universal Application 


By W. F. Kelley and W. V. Wolfe 


The adoption of safety base film throughout the motion picture industry 
has required the abandonment of the Bell & Howell perforation for color 


release prints. This fact presents an opportunity to achieve the long- 
desired goal of a single standard perforation for negative and positive films 
in all applications. Tests are described and conclusions reached covering 
registration problems in the studio, studio laboratory and release labora- 
tory, as well as accelerated and normal release life tests on Dubray-Howell 


E IMPORTANCE of the perforations 
j on the side of a motion picture film 
would be difficult to overstate. Those 
perforations are relied upon for propul- 
sion and registration in every photo- 
graphic and projection operation in the 
making and exhibiting of a motion pic- 
ture. Unfortunately, the importance 
of these perforations is not understood 
by a great many people in the industry, 
and even those who do realize their im- 
portance are often inclined toward the 
philosophy that “what was good enough 
for my father is good enough for me.” 
The history of the perforation size and 
shape is contained in the JouRNALS of 
this Society and that information was 
very excellently gathered and presented 
by the Film Dimensions Committee in 


Presented on October 19, 1950, at the 
Society’s Convention at Lake Placid, 
N.Y., by W. F. Kelley and W. V. Wolfe, 
Motion Picture Research Council, Inc., 
1421 N. Western Ave., Hollywood 27, Calif. 


perforated black-and-white prints. 


the April, 1949, JourNaL, at which time 
it was proposed, for the third time, that 
the Dubray-Howell perforation should 
be adopted as a universal standard. 

Just to review this situation briefly, 
note that the first accepted standard per- 
foration was the familiar Bell & Howell 
perforation which, prior to 1923, was 
standard throughout the industry for 
both negative and positive use. Be- 
cause of nonstandard projector sprock- 
ets, the inherently weak tear-resistance 
of the Bell & Howell sprocket was aggra- 
vated. A number of the pioneer engi- 
neers of the industry and of this Society 
considered the problem and came up 
with the present Eastman positive per- 
foration which was accepted throughout 
the industry for release print purposes. 
Even at that time, however, there were 
many voices raised in opposition to a 
different standard perforation for nega- 
tive and positive applications. 

In 1932 Messrs. Dubray and Howell 
proposed a perforation combining the 
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rectangular shape of the positive per- 
foration with the 0.073-in. height of the 
negative perforation, thus obtaining the 
best features of both perforations from 
the standpoint of existing equipment, 
registration and projection life. Never- 
theless, in 1933 this Society adopted the 
Eastman positive perforation as the 
universal standard for both negative 
and positive film. However, the indus- 
try refused to accept this universal 
standard because it required changing 
every camera, projector or printer 
throughout the world. 

In 1937 the Subcommittee on Film 
Perforation Standards recommended 
that the 1933 standard be withdrawn 
and again proposed the Dubray-Howell 
perforation as the universal standard. 
This report was turned down by the 
Standards Committee because it was 
felt at that time that the large amount 
of background film accumulated in the 
libraries would prevent the universal 
perforation from being used. 

Beginning in 1947 and continuing 
since that time, your Film Dimensions 
Committee, under the chairmanship of 
Dr. E. K. Carver, has continuously 
had on its agenda the problem of secur- 
ing a universal standard perforation 
acceptable to all of the industry. Tests 
made by many people predominently 
supported the early contention of 
Dubray and Howell that this rectangu- 
lar perforation with an 0.073-in. height 
was satisfactory for all negative and 
positive purposes. M. G. Townsley at 
Bell & Howell demonstrated in some 
tests made not long ago that Dubray- 
Howell perforated film would operate 
with satisfactory steadiness in a camera 
equipped with a Bell & Howell full- 
fitting pilot pin. 

This situation might have continued 
without any conclusion for a long time 
but for the introduction by Eastman 
Kodak Co. of the new safety base film. 
Prior to this time, all of the commer- 
cially used color systems employed 
Bell & Howell perforated release prints 


because of the need for a high degree"of 
registration in making such prints; but, 
because the new film base is reported 
to be somewhat lower in its tear strength 
than the nitrate film base, two color sys- 
tems adopted the Dubray-Howell per- 
foration and are currently using it. 
Both Trucolor and Cinecolor in making 
this decision found that they could suc- 
cessfully register from Bell & Howell 
perforated negatives to Dubray-Howell 
perforated color prints. 

Technicolor, unfortunately, although 
fully aware of the industry’s longstruggle 
for a universal perforation and of the suc- 
cessful use of the Dubray-Howell perfor- 
ation by other color companies, adopted 
the Eastman positive perforation with- 
out consulting or advising the producing 
companies of that decision. Perhaps 
Technicolor did not realize the studio 
significance of this decision. However, 
when studio photographic effects de- 
partments were notified that after a 
certain time all Technicolor prints 
would be supplied with Eastman posi- 
tive perforations, it became immediately 
evident that process projectors and per- 
haps other studio-owned precision equip- 
ment would require interchangeable 
movements in order to handle both 
Technicolor prints and black-and-white, 
or prints of any other color system. 
The cost of duplicating such movements 
is in itself moderately high, but what is 
much more important, such a situation 
materially adds to the danger of con- 
fusion and delay in any operation in- 
volving process projection photography. 

The matter was called to the atten- 
tion of the Research Council and a meet- 
ing involving all those interested, from 
manufacturers, commercial laboratories 
and studios, was held. As a result of 
this meeting, a comprehensive series of 
tests was laid out by the Research Coun- 
cil in the hope that the industry could 
be convinced that this was the time to 
adopt a universal standard perforation 
and thus for all time avoid any further 
confusion and expense which must in- 
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evitably result from what used to be a 
double standard and is now a triple 
standard. 

Four perforations were considered: 
the Bell & Howell, Eastman positive, 
Dubray-Howell and Cooke (Fig. 1). 
Experience and history had already 
eliminated the Bell & Howell and the 
Eastman positive perforation as candi- 
dates. Discussion with experts in print- 
ing problems, particularly having to 
do with the continuous type of printer 
on which better than 90% of all release 
prints are made, revealed that the 
square end of the Dubray-Howelil per- 
foration was preferred over the rounded 
end of the Cooke perforation. It was 
also the belief of many industry experts 
that in other problems of registration, 
the Dubray-Howell perforation was 
superior to the Cooke. As a result, 
efforts were confined entirely to the 
Dubray-Howell perforation. 

Generally speaking, there are two 
problems involved: one is projection 
life and the other is registration. Each, 
of course, has a variety of important 
problems under that general heading. 
Study of projection life was divided into 
two parts: accelerated tests and normal 
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Fig. 1. Drawing showing the fit of various perforations, 
pilot pins and sprocket teeth. 


release tests. Actually, there is already 
considerable experience in normal re- 
lease through the color systems which 
are using the Dubray-Howell perforation 
commercially, but it was recognized that 
these color prints present a different 
projection-life problem than normal 
black-and-white prints. Accelerated 
life tests on black-and-white prints, 
made by other investigators on care- 
fully aligned projection equipment, have 
shown approximately 10% greater life 
with the Eastman positive perforation 
than that obtained with the Dubray- 
Howell perforation. It was, however, 
recognized by the engineers in charge of 
these tests that normal release condi- 
tions might indicate a different answer 
because theater projectors are not uni- 
versally as well aligned as these test pro- 
jectors. Accordingly, the accelerated 
test was deliberately made in a projec- 
tor out of alignment and using badly 
worn sprockets. Figure 2 is a photo- 
micrograph of one of these sprocket 
teeth. Since it is badly undercut on 
both sides of the tooth, it has probably 
been reversed in the machine at some 
time during its life. This test reel was 
run approximately 300 times before the 


test was stopped. Although the film 
was not run to destruction, it was evi- 
dent at this time that in a machine as 
badly aligned as this one, the film could 
not run many more times. 

Figure 3 shows a photomicrograph 
of one corner of the Eastman positive 
perforation at the end of the running, 
and Fig. 4 shows a similar corner of a 
Dubray-Howell perforation. In both 
cases the tooth interfered at the corner 
of the perforation and caused a serious 
rupture of the film. Inspection of about 
80 ft of each of the two prints involved 
in the reel led to the conclusion that the 
Dubray-Howell perforation was stand- 
ing up a little bit better under this par- 
ticular test than the Eastman positive 
perforation. While this is contrary to 
the projection-life tests previously re- 
ferred to, it is not an unexpected differ- 
ence, because the smaller radius of the 
corner fillet in the Dubray-Howell per- 


foration means that the straight portion 


of the perforation is longer than is the 
case in the Eastman positive perfora- 
tion; thus, corner interference will be- 
gin with an Eastman perforation before 
it begins with a Dubray-Howell per- 
foration. 


Fig. 3. Photomicrograph of the corner 
of an Eastman positive perforation. 


As this articic is '»iog written, the 
partial releas: test hes sot vet been 
completed, but there .< < picéure in re- 
lease in the Los Angeles exchange area in 
which half of the 1000-ft release is per- 
forated with the Eastman p<sitive hole, 
and the other half uses the Dubray- 
Howell perforation. These are so stag- 
gered as to fairly cover head reels and 
tail reels and both projectors in any 
theater where the print is run. No diffi- 


Fig. 2. Photomicrograph of a sprocket 
tooth of test projector. 


Fig. 4. Photomicrograph of a corner 
of a Dubray-Howell perforation. 
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culty is foreseen in this test; in fact, 
it is expected that it, too, will support 
the results that have been obtained 
experimentally and commercially in so 
many other cases. 

The registration tests required a great 
deal of careful planning and became 
involved in factors which are not in 
themselves a part of the test. Since the 
industry is in the process of changing 
from nitrate base negatives to safety 
base negatives, factors which might be 
influenced by this change in base mate- 
rial could not be neglected. Similarly, 
the low shrinkage characteristics of the 
safety base film have made it necessary 
to manufacture such negatives with a 
shorter than standard perforation pitch. 
Thus the perforation pitch had also to 
be considered in this test. 

In projection process photography, 
stationary foreground objects are com- 
monly photographed together with the 
rephotographing of a projected picture. 
This, in the final composite result, pro- 
vides an extremely critical test of the 
steadiness of a motion picture, since the 
eye constantly has the opportunity to 
observe foreground and background 
objects where any relative motion is 
exaggerated. Since this form of photog- 
raphy presents one of the most critical 
registration problems in the industry, it 
was chosen as the test method for com- 
parison of the Dubray-Howell and Bell 
& Howell perforations. Briefly, the 
over-all process involves the first cam- 
era, a registration printer, a process pro- 
jector, a second camera, a continuous 
printer and the final theater projector. 
The outline in Fig. 5 shows the com- 
binations of all of these factors which 
were carried through in this test. The 
basic situation involved is quite simple, 
but the detail results in complications 
which require very close study for an 
understanding of the tests themselves 
and the results which have been ob- 
tained. 

The program was laid out to cover all 
practical combinations of pilot pins 


3 


and perforations for nitrate and safety 
base, short pitch and standard pitch 
negatives, in a chain of operations which 
was as follows: A chart, as shown in 
Fig. 6, was photographed in the back- 
ground camera. The film was rewound, 
the chart shifted slightly and a second 
exposure was made. This film was de- 
veloped and printed in a step contact 
printer, resulting in a process plate as 
shown in Fig. 7. This process plate was 
then projected through a process pro- 
jector onto a translucent screen. Be- 
tween the process projector and the 
screen was a latticework covering the 
full area of the screen. This casts a net- 
work of black lines on the screen itself 
and provides a new reference point. A 
standard production-type camera photo- 
graphed this process screen and normal 
release type prints were made from that 
negative. 

Figure 8 shows a frame of the release 
print. The parallel white lines and the 
identifying slates at the top middle and 
lower right were photographed by the 
first camera and projected on the process 
screen. The network of black lines is 
the shadow of the latticework between 
the projector and the screen, the broad 
black line extending in an “L”’ shape at 
the lower right corner was created by a 
gobo [section of dark wallboard often 
set up to shield camera lens from light] 
placed in front of the screen. Similarly, 
the broad black line at the lower left 
corner with the narrow white stripe 
through it vertically was created by a 
gobo with a slit in it located in front of 
the screen, so that the light coming 
through the slit from the process screen 
caused the vertical white line. The 
slate in the lower center marked “Reel 
b,” was located in front of the screen. 
In projecting these prints, the salient 
points looked for were movement be- 
tween the white lines, which is a func- 
tion of the background or first camera, 
movement between the black network 
lines and the white chart lines, which is 
a function of the first camera, the 
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Fig. 5. Outline of perforation registration tests. 


Legend: 

Numerals — Test number. 

Capital Letters - Type of perforation. 
Small Letters —- Type of registration pin. 
B - Bell & Howell (negative) perforation. 
D- Dubray-Howell perforation. 

E — Eastman (positive) perforation. 

b — Bell & Howell registration pin. 

d — Dubray-Howell registration pin. 

C — Continuous printer. 


Note 1: These titles describe the film 
used in the first (background) camera and 
process (background) projector only, and 
do not refer to the second camera negative 
or the release print. 


Note 2: This is the only case where the 
background negative and positive were of 
different base material. This background 
negative was nitrate base, Bell perforated, 
exposed on a Bell & Howell pin. The 
background print was Dubray perforated, 
standard pitch, safety base, made on a step 
printer having a full fitting Bell & Howell 
pin, and projected on a background pro- 
jector having a full fitting Dubray-Howell 
pin. This would be the procedure fol- 
lowed on existing library material if the 
Dubray-Howell perforation were adopted 
as a universal standard. 

Note 3: Two full-aperture first (back- 
ground) cameras were used; the one, in 
line with regular procedure, had a full 
fitting Bell & Howell registration pin; 
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the other camera had a full fitting Dubray- 
Howell registration pin. 

Note 4: Two step printers were used; 
the first had a full fitting Bell & Howell 
registration pin; the second had a full 
fitting Dubray-Howell registration pin. 

Note &: Two background process pro- 
jector movements were used; the first had 
a full fitting Bell & Howell registration pin; 
the second a full fitting Dubray-Howell 
registration pin. 

Note 6: The small registration pin (full 
fitting in height only) was not changed in 
any of the equipment mentioned in Notes 
3, 4 and 5. This is a satisfactory pro- 
cedure, as the Bell & Howell and the 
Dubray-Howell perforations are identical 
in height dimensions. 

Note 7: The second (rephotographing) 
camera had a Bell & Howell registration 
pin. In this particular series, the negative 
was Bell & Howell perforated, standard 
pitch, nitrate base. 

Note 8: All these release prints were 
made on a continuous printer, using an 
Eastman perforated, standard pitch, safety 
release positive. 

Note 9: This second (rephotographing) 
camera was identical to the camera de- 
scribed in Note 7, but the negative was 
Dubray perforated, short pitch, safety 
base. 

Note 10: These release prints were made 
on the same continuous printer described 
in Note 8, but using Dubray perforated, 
standard pitch, safety release positive. 
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printer, or the process projector, and 
movement between the production 
camera aperture and the black gobo in 
the lower right corner, which is a func- 
tion of the production camera. Move- 
ment of the release printer is shown by 
the relationship between the sprocket 
holes and the production camera aper- 
ture line and, of course, movement in the 
final projector is shown by a movement 
of the sprocket holes themselves. 

No attempt has been made in this dis- 
cussion to enter into the fine details of 
identifying and measuring the several 
possible sources of instability, but suffi- 
cient information is provided so that by 
careful study an understanding of the 
possibilities of analyzing this chart can 
be obtained. It should perhaps be suffi- 
cient to say that by means of these 
special charts, gobos, latticeworks, spe- 
cial printer and camera apertures and 
such other devices, the source of any 
movement which takes place in this 
chart as it is projected on the screen can 


be isolated and identified. This was, of 
course, a fundamental necessity in a 
test program containing the detail in- 
volved in this one. 

Several practical problems face the 
industry if the Dubray-Howell perfora- 
tion is established as the universal 
standard; they are: projection life, the 
use of library negatives with Bell & 
Howell perforations, the use of Dubray- 
Howell perforated negatives in cameras 
with Bell & Howell pilot pins and, of 
course, the over-all optimum registra- 
tion obtainable with Dubray-Howell 
perforations throughout each step in 
the production of a motion picture. 

On the basis of these tests, the follow- 
ing predictions and conclusions are 
made: There will be no commercial 
loss in projection life of Dubray-Howell 
perforated prints as compared to East- 
man perforated prints; library nega- 
tives with Bell & Howell perforations 
can be printed to Dubray-Howell per- 
forated process plates with satisfactory 
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Fig. 6. Original chart — registration tests. 
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Fig. 8. Release print — registration tests. 
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results, except where the most critical 
registration problems are involved; 
Dubray-Howell perforated negatives 
can be used in existing cameras without 
change, and release printers do not need 
to be changed for printing Dubray- 
Howell perforated negative or positive 
films, although some additional im- 
provement can be obtained if the 
sprockets in such continuous printers 
are changed to take full advantage of 
the Dubray-Howell perforation. 

The Research Council expects to 
recommend to its Board of Directors 
that the Dubray-Howell perforation 
should be presented to the American 
Standards Association for adoption as 
the universal standard perforation for 
negative and positive motion picture 
film. Furthermore, it expects to recom- 
mend to its member companies that in 
the use of Dubray-Howell perforated 
negative and print stocks for normal 
studio operations, they should change 
pilot pins in cameras used primarily for 
process background films, registration 
printers and process projector move- 
ments; a step printer with Bell & 
Howell pins should be retained for print- 
ing library negatives; the pilot pins in 
the normal production cameras will not 
need to be changed except as a matter 
of maintenance ; and release printers may 
be used without change. The Research 
Council will also recommend changes in 
pilot pins and sprockets for new cameras 


and printers, and for replacement parts. 

In support of these test results, there 
is not only the very considerable 
amount of experimental work done by 
others throughout the last twenty years, 
but currently there is considerable com- 
mercial experience. Mention has al- 
ready been made of Trucolor and Cine- 
color, both of whom are using Dubray- 
Howell perforated release prints; but in 
addition to these it should be noted that 
Eastman color positive, Du Pont color 
positive and one experimental negative, 
as well as its companion positive, are 
all using Dubray-Howell perforations. 

To summarize briefly, the tests made 
by the Research Council have confirmed 
and extended the data obtained by other 
experimenters in this field. The Re- 
search Council believes that the indus- 
try has an opportunity at this time to 
achieve the long-desired goal of a single 
standard perforation. If the Dubray- 
Howell perforation is adopted as that 
universal standard, no confusion will be 
created at any point in the industry, 
nor will it be necessary to expend any 
considerable money to make the minor 
conversions which are desirable although 
not completely necessary. 

It is strongly recommended that every 
effort be made at this time to get the 
complete support of the industry behind 
standardizing the Dubray-Howell per- 
foration for all negative and positive pur- 
poses. 


January 1951 Journal of the SMPTE Vol. 56 


: a 
ol 


Effects of Television 
on the Motion Picture Theater 


By Benjamin Schlanger and William A. Hoffberg 


The advent of television has accelerated the need for refinements and 
improvements in the art of the projected motion picture in theaters. The 
factors of cinematography, theater location, seating capacity and theater 
design have to be dealt with in accordance with circumstances which al- 
ready appear to call for a fresh approach to the problem. It is important to 
evaluate the ability to adapt existing theaters to the new requirements. 


LTHOUGH home television seems to 
be acquiring a mass audience, 
there will always be a motion picture 
theater and theater television audience 
consisting of those patrons who wish to 
see entertainment not available in other 
mediums, those who wish to avoid ad- 
vertising intrusions, those desiring a 
respite from the home environment, 
those satisfying their gregarious in- 
stincts and those who prefer the dra- 
matic impact of the large theater screen 
cinematography. This audience may 
be surprising in numbers because it has 
been estimated that only 10 to 20% of 
the potential audience ever attended 
even the most popular picture. 
We are now going out of a period in 
motion picture history in which great 
leeway existed in both production and 
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exhibition. The margin for error, in- 
competence and acceptability of ques- 
tionable quality of production and ex- 
hibition is narrowing down with the 
advent of television. Now, the factor 
of quality in motion picture theater 
entertainment will determine the size 
of its audience. Of course, quality 
primarily includes story content and 
performance, but if the motion picture 
theater cannot deliver the story content 
and performance in a manner far su- 
perior to any of the other entertainment 
mediums, it will lose the main reason 
for its existence. 

Television has accentuated the neces- 
sity for intimacy in the motion picture 
theater because each home television 
seat is a “ringside” seat. The television 
camera is located at a distance and angle 
from the scene which the director con- 
siders most favorable to the home audi- 
ence. At home, the television viewer 
has the great advantage of choosing his 
seating pattern by individual prefer- 
ence. However, the scale of the tele- 
vision screen in the home is limited. 
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The comparatively bright illumination 
levels required in home television view- 
ing makes the viewer particularly con- 
scious of this deficiency. The inclusion 
of furniture and room details in the field 
of view does much to destroy intimacy. 
In contrast with home television, the 
motion picture theater has a fixed seat- 
ing pattern. The theater audience 
seating preferences can readily be seen 
as they choose their seats at the be- 
ginning of the show. The less desirable 
seats are then reserved for latecomers. 


Improving Theaters 

The competition of home television 
can be a healthy stimulus to induce 
theater owners to improve their physical 
plant so that the enjoyment of a motion 
picture in a theater is noticeably su- 
perior. The following items deserve 
careful consideration in this connection: 

1. All theater seat locations must be 
desirable. Unobstructed vision of the 
screen is mandatory. Ample row spac- 
ing and two arm rests for each seat will 
be necessary. 

2. The scale of the theater screen 
image should increase so that the dif- 
ference in scale as compared with the 
home television screen is accentuated 
and dramatized. , 

3. Since 1938, we have advocated 
the elimination of black masking around 
the motion picture screen and we how 
have many successful installations of 
this type in theaters. The majority of 
television receiver sets have very light 
colored maskings. A luminous field 
around the screen, preferably synchro- 
nized with the screen lighting intensities, 
would reduce eyestrain and enhance 
peripheral cinematographical effects. 

4. Some of the fluidity and inventive- 
ness achieved in television production is 
worth noting. With the larger screen 
and luminous screen surround, the 
peripheral areas of the human field of 
view can be exploited for greater dra- 
matic effect. 

5. The effectiveness of distant pano- 


ramic views and medium shots on the 
television receiver is necessarily limited 
in scale. In contrast, the larger theater 
screen and the increased use and im- 
provement of wide-angle camera lenses, 
are great advantages. 

6. Development of higher intensity 
projection equipment, coated lenses, 
and the reduction of film grain as well as 
the demands of drive-in projection, 
have made larger screen projection 
feasible. 

7. Further enhancement of cinema- 
tography is produced by the increased 
subtended angle of the larger screen to 
the average viewer. 

8. Items 2 and 3 of the above recom- 
mendations can now help to bring 
three-dimensional motion pictures into 
use. With seating depth limited to 
approximately four times the picture 
width instead of the greater viewing 
depths now used, objectionable per- 
spective distortions experienced in 
stereoscopic viewing will be reduced. 
The elimination of dark picture sur- 
rounds is highly consistent with the 
realistic effect of stereoscopic viewing. 

9. Stereophonic sound in theaters 
giving positional sound effects in space 
can hardly be conceivable in home tele- 
vision sound. 

The above suggestions for improve- 
ment must, of course, be adaptable to 
existing theaters. In a survey of about 
600 U.S. theaters, which was conducted 
by this Society in 1938, an average 
screen width of 18 ft 6 in. and an average 
ratio of maximum viewing distance to 
picture width of 5.2 was found. An 
increase of average screen width to 24 
ft 0 in. would reduce the ratio of maxi- 
mum viewing distance to picture width 
from 5.2 to 4.0 and would increase the 
screen area by about 67%. This change 
would be structurally feasible in the 
majority of existing theaters. It is 
true that in many of the existing 
theaters, the use of several of the front 
rows would be eliminated but the seat 
loss would be nominal. 
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With reference to the elimination of 
black screen masking, the observations 
and conclusions of L. A. Jones, S. K. 
Wolf, F. M. Falge, W. D. Riddle, B. 
O’Brien, C. M. Tuttle, R. G. Williams, 
H. L. Hogan, M. Luckiesh, and B. 
Schlanger, since 1920, have indicated 
the desirability of illumination of 
screen surroundings. The most de- 
sirable contiguous brightness has been 
found in practice to be the synchronous 
type which automatically varies with 
the brightness of the picture. Some of 
the many examples of this type are the 
Island Theater, Bermuda; Crown 
Theater, New Haven; Essoldo Theater, 
Penge, England; and the Tacna 
Theater, Lima, Peru. Further de- 
velopments and refinements for pro- 
viding a synchronous luminous screen 
surround have been incorporated into 
several theaters now under construction, 
including the Shopping Center Theater 
in Framingham, Mass., and the Bell- 
more Theater, Bellmore, L.I. 


Locating Theaters 
New motion picture theater construc- 


tion in the U.S. has not been propor- 
tional with the increase of population. 
The growth of television is probably one 
of the factors which accounts for this. 
However, new population centers and 
obsolescence of theaters, both in plant 
and location, do create a demand for 


new theaters. Several recent develop- 
ments have greatly affected the location 
and seating capacity of new theaters. 
Since 1945, new residential planning 
has tended to be in the form of large- 
scale, integrated communities very often 
decentralized. Shopping and night-life 
centers are then located either within 
the new communitiesor on the perihp- 
ery adjacent to highways. The neces- 
sities for parking areas then become a 
major consideration in theater location. 
With high land values, it is difficult for 
new theaters in existing urban night-life 
centers to provide adequate parking 
facilities. There has, therefore, been a 


tendency to locate new theaters within 
the confines of the new communities or 
in the shopping centers. 

When new theaters are located within 
the confines of new communities, they 
have the ease of accessibility of the 
neighborhood theater. The architec- 
tural planning of residential projects 
very often indicates the use of several 
smaller theaters, with capacities in the 
order of 400 to 600 seats, rather than a 
single large theater. The smaller 
theaters have fewer building code restric- 
tions and are more economical in per 
seat cost of construction. Their scale 
suggests simplicity of exterior treatment 
and amenities. They do have the virtue 
of intimacy within the interior of the 
theater and can achieve to the greatest 
degree the previous suggestions as to 
screen size and treatment. All of the 
seats can approximate the “ringside” 
seat. Availability of screen product and 
allocation of runs to groups of smaller 
theaters is an industry policy question 
of great importance. 

The location of theaters within new 
large-scale shopping centers has differ- 
ent aspects. Adequate parking facili- 
ties are available, the theater plays an 
important part in building up night 
activity and there is, generally, con- 
siderable transient automobile traffic. 
This indicates a larger capacity theater. 
To achieve intimacy in the larger theater 
is an architectural challenge. Reduc- 
tion of the interior volume of the audi- 
torium to a minimum helps to create 
acoustical intimacy. Screen size is, of 
course, increased in the larger theater 
and with it, the scale of the screen sur- 
round treatment is increased. This 
enhances the visual intimacy which is 
the prime consideration. Then, the 
shaping of walls and ceiling, the avoid- 
ance of decoration which gives scale 
“measuring rods”’ and the integration of 
interior lighting must attempt to ap- 
proach intimacy of space. 

New and existing theaters which offer 
to the public the seating, air condition- 
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ing, projection and sound transmission 
comforts, which are now available, and 
which add to these the increased screen 
image, the luminous screen field, the 
increased flexibility and scope of motion 
picture cinematography, the feelings of 
intimacy within the auditorium, and 
stereoscopy of sound and vision, should 
survive within the forests of home tele- 
vision antennae which have become a 
feature of the skyline. 
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Discussion 

Prerre Mertz: Some years ago, there 
was a development in films which seemed 
to cover something of what Mr. Schlanger 
had in mind with regard to the wide screen 
—the Grandeur film. That occurred be- 
fore I came into this field. Can you tell 
us, what was the improvement in realism 
with the Grandeur film as compared with 
the conventional film? 

Mr. ScuHuancer: There are many 
factors involved. First, there was a larger 
physical width of film, and I believe since 
then the film grain problem has been more 
or less licked and that a sufficiently large 
picture can be projected from 35-mm 
width. The present standard gives a 
wide enough picture in theaters, and the 


real problem, which was not licked at the 
time that Grandeur and other wide, en- 
larged screens were presented, was the 


cinematographic problem. It is quite 
natural. It was a new tool and it never 
had its chance for the experience or prac- 
tice that is needed with a new tool. In 
other words, the cinematographers never 
became familiar with the new tool or its 
potentials at that time. Today we are ina 
spot where we know we need some new 
method or device, and, should we find it. 
the cinematographers will learn to use it. 
As to the realism that can be achieved, 
there is another problem in addition to 
that of the size of film and the art of cine- 
matography—that is the taking-lens in the 
camera. I remember getting in touch with 
some of the authorities and manufacturers 
of lenses to try to find out why there were 
not wider-angle lenses available or used in 
taking motion pictures, and the significant 
answer was that there was never any great 
demand for them. But it was possible to 
develop them. I do hope that they will 
develop wider-angle lenses, because that is 
another tool in the flexibility of cinema- 
tography that is necessary. 

Freperick J. Kors, Jr.: Most of the 
desirable features of theater design that 
you have discussed seem directly contrary 
to the requirements of a drive-in theater. 
Is it possible to reconcile the two? 

Mr. Scuiancer: Would you be specific 
as to their being contrary? 

Dr. Koxs: I am thinking of the drive- 
in theater as having a very limited angle of 
view—more like the home television view- 
ing conditions. Therefore the advantage 
to be gained by including a larger story 
element on the screen and by restricting the 
audience to the most favorable locations 
seems very difficult—at least, to me—to 
realize in drive-in design. 

Mr. ScuHianGerR: In drive-in theaters, 
the remote car positions are at least 10 W 
|W = screen width]. They are placed so 
because of the physical problem of getting 
enough attendance with one screen and I 
have noticed that there have been some 
developments recently for double screens 
and even four screens. I guess that is one 
of the problems to be overcome. From a 
10 W location in a drive-in theater, the 
picture looks like a postage stamp. It is 
not that it is poorly done. It is an incon- 
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spicuous speck in the field of view. How- 
ever, the drive-in theater is a unique ex- 
perience—to be able to ride out in your car 
and go and view a picture is still ‘“‘some- 
thing different.” The audience will toler- 
ate a lot when a thing is unique enough. 
For example, even home television, good as 
it is today, falls far short of the quality of 
a motion picture in a theater. But it is 
tolerated; it is considered all right because 
it is unique. You can sit in your slippers, 
smoke a cigar and watch television without 
leaving your house. Getting back to your 
question—can you produce a picture which 
is just as useful in a drive-in theater as in 
any other theater? There is an inconsist- 
ency in this respect and it can be related 
also to television viewing. Due to the 
deficiencies in television viewing there is a 
tendency, and justifiably so, to use close- 
ups, because middle and distance shots 
appear indistinct. For the same reason, 
middle and distance shots in drive-in 
theater production should also be avoided. 
There again, a predominance of close-up 
shots is a desirable thing, if drive-in thea- 
ters are going to be designed with 10 W 
viewing. So, you are correct. A picture 
which would be photographed carefully for 
a drive-in would not be good for regular 
motion picture theaters, but there is always 
a happy medium. You must be sure that 
the close-ups are not too close up, and 
that the distant shots are not too distant. 
You have to compromise, and I believe 
that this could be done easily enough so 
that there would be neither too many 
close-ups for viewing in the regular theater, 
nor too few, for the drive-in theater. 

Watter E. Dunn: You have made re- 
peated references to the elimination of 
black screen masking. Do you have any 
recommendation for either a substitute or 
a system of elimination of the mask in an 
existing thaeter? 

Mr. ScHLANGER: There are several 
methods of eliminating black masking. 
First of all we have to realize that black 
maskings were originally created for pur- 
poses which no longer exist. One was that 
screen illumination in the early days was 
comparatively low and the black masking 
went a long way toward making the illu- 
mination appear brighter. I think that 


television viewing is proving that black 
masking is no longer necessary. With the 
exception of the Du Mont sets, practically 
all the sets have a white or almost-white 
color masking. The other reason for black 
masking was to do something about the 
aberrated or fuzzy edge of the picture as 
it is when projected without a black 
masking. That is a practical problem. 
This aberrated, fuzzy edge can be elimi- 
nated in several ways. We have been de- 
veloping a substitute masking, a luminous 
masking, which I think will be available 
very soon. We have also had other solu- 
tions in which we would cut the picture, 
that is, project the picture very carefully 
into a proscenium which was exactly 
the size of the picture and let it go at that, 
or by having a slight flare come right out 
from the picture. The fuzzy edge would 
fall on the angular surface, which would 
not be visible to the audience, and the pic- 
ture would appear to have a clean-cut edge. 
Some of the newer maskings that have 
been developed will do an even better job. 

Leonarp Satz: I'd like to add to that 
that there are certain things which, in my 
opinion, can be done right now, short of 
making major changes. I would say, prin- 
cipally, modernization of lighting would be 
the first step in the theater auditorium— 
the elimination of distracting side-wall 
brackets, which are so common in many of 
our theaters, and replacement with an 
operating light which is directed downward 
and perhaps intentionally directed to the 
proscenium area. The first step would be, 
naturally, the enlargement of the screen, 
and I believe it is a fact that visual acuity 
is not lost by the reduction in screen 
brightness as long as the image is in- 
creased in size. You mentioned limitation 
of screen brightness as being one of the 
problems of the exhibitor today. I think 
that if he does lose 10% in incident illu- 
mination by enlarging his picture with 
existing projection equipment, the loss will 
be compensated by the fact that visual 
acuity is maintained with the larger picture. 

Mr. ScuHLaNnGerR: It may not be exactly 
compensated, but certainly acuity in- 
creases with the size of the image, despite 
loss in light. I don’t have exact fig- 
ures on that, but I believe you can verify it, 
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and Film Industries 


By H. J. Schlafly 


Some Comparative Factors of Picture 
Resolution in Television 


This paper reviews and compares the quantitative meaning of the term 
resolution as commonly used by the television industry and the film indus- 


try. The danger of using values of limiting resolution as the sole measure 
of picture quality is discussed. Conversion equations are developed and 


E MERGER of electronics and 
photography into the corporate 
function of television recording has re- 
sulted in a unique situation. It is a 
situation which is logical and natural, 
but which, nevertheless, has caused 
misunderstandings, delays and even 
exasperation. The problem is simply 
one wherein two sciences that have 
hitherto been comparatively independ- 
ent of each other suddenly find that 
they define and describe certain phe- 
nomena in terms which are not identi- 
cal, but which are similar enough to be 
thoroughly confusing. 

The ultimate objective of both tele- 
vision and photography is the faithful 
reproduction of an original scene. 
But, while the beginning and end 
products are the same, the medium and 
methods are widely different. Thus, 
it is little wonder that there are few, if 


A contribution by H. J. Schlafly, Twen- 
tieth Century-Fox Film Corp., 444 W. 
56th St., New York 19. Reprinted from 
Proceedings of the I.R.E. for January 1951. 


tables listing numerically equivalent values of resolution are provided. 


any, existing experts who are so thor- 
oughly familiar with the terminology 
and techniques of both sciences that 
they can point out in advance the areas 
of confusion or misunderstanding. This 
paper will attempt to deal with only 
one “area of confusion,” the meaning of 
picture resolution as defined by termi- 
nology in current use. 


General 

The resolving power of a medium or a 
device is a measure of the ability of 
that device to convert, transmit or re- 
produce details of the original scene. 
Detail, of course, is a “separately con- 
sidered particular,’’! which contributes 
to or is part of the whole. A device 
which is capable of handling more or 
finer detail is said to have the greater 
resolving power and the resulting 
picture has more resolution. Lack of 
picture resolution not only results in 
the subordination or complete loss of 
parts of the original, but also in a loss of 
“edge sharpness” which gives the pic- 
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ture a “soft’’ or, more correctly, a 
diffuse quality. The accepted method 
of determining resolution is to provide a 
scale or chart having calibrated points 
or steps of increasing fineness of detail 
and to determine the point at which the 
device under test breaks down in the 
performance of its function. The hu- 
man eye itself has a certain resolving 
capability which is influenced by the 
portion of the retina being used, the 
spectral content of the light and the 
absolute value of the light energy, as 
well as by the optical characteristics of 
the lens. Each technical device which 
precedes the seeing process of the eye 
has its own resolution characteristic 
and contributes its part to the degra- 
dation of the originai scene. 

In general, the deterioration con- 
tributed by any physical device is evi- 
denced by a gradual reduction in con- 
trast ratio with increasing detail until 
a point is reached where there is no dis- 
tinction between two adjacent points 
which did have some quality of distinc- 
tion in the original. Whether this con- 
trast ratio is measured in light energy, 
grains of silver deposit per area, poten- 
tial difference or whatever, is imma- 
terial. A notable exception to this 
gradual deterioration of resolution is the 
“sharp cutoff” voltage amplifier which 
might maintain constant amplification 
with increasing frequency (detail) until 
a certain critical or cutoff point is 
reached, and thereafter drop sharply 
toward zero output. 

Comparative physical sizes play a 
large part in determining the point 
where ‘‘signal attenuation” begins to 
oecur. Thus, so-called “aperture size,” 
or the area within which there can be no 
differentiation, such as a single nerve 
ending in the eye, the focused scanning 
spot in a cathode-ray device or the grain 
size in a photographic emulsion, is a 
major contributor to the limitation of 
resolution. But there are many other 
contributing causes which do not neces- 
sarily deal with physical size, such as 


electrical time constants; aberrations 
in optical devices; phase shift in ampli- 
fiers; spectral sensitivity of emulsions, 
photocathodes and lenses; and, un- 
fortunately, others. 

Today both the photographic and 
television industries speak of the abso- 
lute limit of resolution as a measure of 
picture quality. Actually the evalu- 
ation of quality is so complex that 
measurement of one of the contributing 
factors is not adequate to describe the 
end result. Much work has been done 
and is being done to determine all of the 
factors involved.** In particular, ana- 
lytical attention is being given to detail 
contrast ratio, random noise, bright- 
ness, and tone reproduction as well as 
to limiting resolution. The paragraphs 


which follow deal only with definitions 
and conversion factors for the resolution 
terminology in current use and should 
definitely not be considered as the sole 
measure of picture quality. 


Terms 

One is likely to assume that the use of 
the common term “lines” permits a 
basis for comparison between photog- 
raphy and television picture resolution. 
Such is not the case. Each industry 
has independently arrived at a defini- 
tion in language best suited to its own 
measurement technique and, as a result, 
numerical values which are not appar- 
ently related might refer to the same 
degree of ‘absolute’ resolution in a 
television picture and in a photograph. 

The film industry defines resolution in 
terms of lines/mm of film surface. 
Typical test charts are provided by the 
National Bureau of Standards (shown 
in Fig. 1) and by the American Stand- 
ards Association. Such charts usually 
consist of a series of blocks or squares of 
parallel black lines separated by clear 
spaces of the same width. Each block 
represents a given number of black 
lines/mm of film surface when the chart 
is photographically reproduced on the 
film emulsion. For determining resolu- 
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NATIONAL BUREAU,OF STANDARDS 
TEST CHART 25 X 


Figure 1. 


tion values given in film specification 
sheets, the contrast ratio between the 
black lines and the clear spaces on the 
original chart is held at 30:1. Inci- 
dentally, this is about the highest value 
which can be obtained on a printed 
chart. Transmission-type charts, used 
in some resolution measurements, can 
provide contrast ratios of 100:1 or 
1000: 1. 

The resolving power of a given film 
emulsion is determined by photograph- 
ing a test chart using the optimum ex- 
posure, processing the film by recom- 
mended methods and examining the 
image under a microscope. The maxi- 
mum number of black lines/mm just 
resolved, not lost as an indistinguishable 


gray mass, is the value used to indicate’ 


the resolving power of that particular 
film. In practice the resolving power 
values of commercial films vary from 
about 55 lines/mm for negative film to 
as high as 150 lines/mm for fine-grain 
sound recording films. 

Of course, the figures given in the 
above paragraph do not necessarily 


represent the end product of film resolu- 
tion as seen on the screen of a motion 


picture theater. In February, 1946, a 
portion of the Television Committee of 
the Society of Motion Picture Engineers 
made observations of screen resolution 
of a special test film projected in a 
group of leading New York theaters. 
These data were not published because 
the tests were not sufficiently extensive 
to permit definite conclusions. In the 
words of the Committee report: ‘The 
influence of many individual factors has 
not been determined, but it is believed 
that the results...are broadly repre- 
sentative of present motion picture prac- 
tice....”” The conclusion reached in 
the same report stated, ‘In general, it 
can be concluded from theater projec- 
tion of the two test films specially pre- 
pared for the use of this Committee that 
projection in first-run theaters shows 
resolution of 28 lines/mm on 35-mm 
film where the test object includes pic- 
torial subject matter and 40 lines/mm 
where the test card alone was photo- 
graphed.” 

In the television industry picture reso- 
lution is usually measured with the aid 
of a test pattern such as the RMA 
Resolution Chart 1946. This chart 
follows the practice of using horizontal 
and vertical wedges rather than a series 
of parallel lines. The pattern is com- 
posed of a given number of alternate 
black and white lines of equal width 
which continuously converge from the 
wide to the narrow end of the wedge. 
Thus, the chart is provided with a con- 
tinuously variable resolution pattern, 
numerically calibrated by indexing 
various points along the wedge. Each 
black and each white line is counted as 
an individual line, whereas in the film 
industry each black line only is counted 
as an individual line. 

The resolution of the television pic- 
ture is indicated by a value which repre- 
sents the limiting number of black and 
white lines identifiable as such, not lost 
in an indistinguishable gray, in a verti- 
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Condition of Plot: 


Integrated Value Within 20% of Original 


of SCAND Line 


Edge of 


gcannine Line 


(Scanning Line-Detail Phase Relation) 


Percent of Possible Conditions of Scanning 
8 


08 


Scanning Line Factor = 


0.7 
Width of Scanning Line 
Width of Vertical Detail 


Fig. 2. Integrating effect of scanning line on vertical television resolution. 


cal or a horizontal dimension equivalent 
_ to the picture height. For the purpose 
of assigning this value, it is assumed 
that the resolution of any and every 
point in the picture is equal to that 
observed at the wedge. Such an as- 
sumption is, of course, not true, but it is 
a convention which provides a numerical 
value of resolution accepted throughout 
the industry. Degradation at the cor- 
ners of the picture sometimes is identi- 
fied by the term “‘corner resolution” and 
is evaluated by the same process—inter- 
preting the resolution of a wedge located 
in the corner in terms of the full dimen- 
sion of picture height. 

It is a common error to confuse the 
number of horizontal scanning lines as 
set by the television standards with the 
figure for picture resolution. The tele- 
vision standards in this country specify 
525 horizontal scanning lines per picture 
frame. Only 92% to 95% of these are 
active scanning lines, the remainder be- 
ing blanked out during the vertical 
sweep retrace. But even the remaining 
480 some odd lines do not specify the 
limit of vertical resolution. There is an 
additional loss in vertical resolution in- 
herent in the television dissecting proc- 


ess which provides a second factor even 
when there is perfect interlace of the 
alternate scanning fields. This effect is 
illustrated by integration of those por- 
tions of black and white resolution lines 
within the width of the scanning line 
and point by point comparison of the re- 
sulting halftone with the original.‘ 
Figure 2 plots such information for a 
range of scanning line factors, showing 
the percentage of possible scanning- 
line-resolution-line phasing for which 
the integrated halftone will be within 
20% of the original. Choice of a scan- 
ning line factor may be a matter of 
individual preference but a value of 0.75 
is commonly accepted and is the value 
used in the equation derivations in- 
cluded in this paper. 

Using these factors, present-day 
standards, therefore, impose a limitation 
on vertical resolution of the television 
picture of approximately 360 lines. 

Television picture resolution, by vir- 
tue of common usage among electronic 
personnel, has also come to be identified 
in terms of bandpass, or maximum pass 
frequency of the video circuits. Such 
usage has meaning only when applied to 
horizontal resolution and then only if a 
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definite horizontal scanning period is 
specified. One cycle of a particular 
video frequency during active horizontal 
scanning represents one dark and one 
light picture element on a particular 
scanning line. The higher the video 
frequency, the greater the number of 
picture clements that can be theoreti- 
cally squeezed into one line. Ideally 
the one cycle which supplies the light 
and the dark picture element should 
contain sufficient harmonics to resemble 
a square corner pulse; actually, a 
sinusoidal waveform is considered suffi- 
cient for the limiting condition, sacri- 
ficing “edge sharpness”’ between picture 
elements. 

It will be realized that a longer scan- 
ning period would permit more cycles of 
video signal to be included in one scan- 
ning line and thus the value of hori- 
zontal resolution would be increased. 
The scanning period is set by the hori- 


zontal scanning frequency, or, by the 
combination of picture frames per 
second and scanning lines per frame. 
Figure 3 indicates the relationship be- 
tween video bandpass and horizontal 
resolution for several values of scanning 
lines per frame. 

It is interesting to note that the video 
bandpass of 4.5 megacycles, the nominal 
television broadcast standard, results in 
a horizontal resolution of approximately 
360 lines. Thus, it is seen that the 
present standards provide about the 
same picture resolution in the vertical 
and horizontal coordinates. 


Conversion Factors 
A. Conversion of Film Resolution in 
Lines per Millimeter to Television Resolu- 
tion in Lines. 
= 2H 


where R; = television resolution in lines 
per picture height 


Vertical Blanking 0.065 


~ / Scanning, Lines per Frame “4 
USA. \ “4 \ condition of Vertical 
i 300 t/, L 
Yj Frame Rate 306ec. 


Horizontal Blanking 0.17 
Line Scanning Factor 0.75 


6 8 


Maximum Video Frequency in Megacycies 


Fig. 3. Television resolution. 
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Rk, = film resolution in lines/mm 

H; = height of standard motion 
picture projector aperture in 
millimeters. 


For 35-mm film Hy; = 15.25 mm 
R: = 30.5 R; 


For 16-mm film H; = 7.21 mm 
Ri = 14.42 Ry 


B. Conversion of Television Scanning 
Lines per Frame to Lines of Vertical 
Resolution (Television). 


Rw = b(aL) 


where Ri = vertical resolution 
sion) in lines 
a = vertical blanking factor 
b = line scanning factor 
L = total number of scanning 
lines per television frame. 


(televi- 


Substituting present standards: 
a = 0.92 min., 0.95 max., 0.935 
average 
b = 0.75 (representative) 
L = 525 lines 
Ry = 0.701 L = 0.701 X 525 = 
368 lines. 


C. Conversion of Maximum Video 
Pass Frequency to Lines of Horizontal 
Resolution (Television). 


‘Res = 


where Ru = horizontal resolution (televi- 
sion ) in lines 
fmax = Maximum video pass fre- 
quency in megacycles 
Ty, = active time (unblanked ) of 
horizontal sweep in micro- 
seconds 


= ( LF.) 10° usec 


where C = horizontal blank- 
ing factor 
F, = frames va sec- 
ond (television) 
A = television aspect 
ratio. 


Substituting present standards: 


fmax = 4.5 megacycles 
C = 0.82 min., 0.84 max., 0.83 
average 
F, = 30 mesa 


Tr = 0.83555 


A = 4/3. 


= 52.7 usec 


then Ru = 2X %& X 52.7 x 
= 79 4.5 


or general formula 
Ru = 79 Sax: 


D. General Conversion Formulas for 
Equal Resolving Power Between Film and 
Television. 

1. Television scanning lines per frame 
in terms of film resolution (required for 
equal vertical resolution): 


L = (2/ab)H; X R, * 


2 
= 0.935 x X Bs 


L = 43.5 Ry for 35-mm film 
L = 20.6 R; for 16-mm film. 


2. Maximun video frequency in terms 
of film resolution (required for equal 
horizontal resolution) in 525-line, 30- 
frame television system: 


Lx Pr x Hy 10-*) Ry 


4 
= 525 x 30 x 10-* x 
Hy) Ry 


Suu ™ = Ry; megacycles for 35-mm 
m 

= 0.182 Ry; megacycles for 16-mm 
film. 


3. Maximum video frequency in 
terms of film resolution (required for 
equal horizontal resolution in a 30- 
frame television picture), if the number 
of scanning lines in that picture has 
been chosen to give equal vertical reso- 
lution: 


= (Gp (GH) x 


— megacycles for 35-mm 


m 
= 0.00715 R,;* megacycles for 16-mm 
film. 


The above equations have been 
applied to several values of film resolu- 
tion for both 35-mm and 16-mm sound 
film and the results have been tabulated 
in Tables I and II. These tables list 
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Table I. 35-Mm Sound Film 


Numerically Minimum Television 
Equivalent Values Standards Required for 


of Resolution This Resolution 
Film Hori- Vertically & 
(lines Tele- zontally* Horizontally 
per vision (video (lines / (video 
mm) (lines) freq.) frame) freq.) 
2740. 35 mc 3900 260me 
40 1220 15 1700 51 
28 850 11 1200 25 


Table Il. 16-Mm Sound Film 


90 1300 16me 

40 580 7.3 820 ll 
28 400 5.1 580 5.6 
17 
11 


250 3.1 350 2.1 
160 2.0 230 0.9 


* Provided the standard of 525 scanning lines per 
frame is retained. 

Note: When transcribing film to television or 
television to film, degradation factors of each 
system are cumulative. To minimize over-all 
degradation the resolution capabilities of one 
system should substantially exceed that of the 
other. The magnitude of this “safety factor’ 
is governed by operational techniques. 


numerical equivalent values of resolu- 
tion and the corresponding television 
standards which would be necessary to 
realize such a value first, of horizontal 
resolution (with 525 scanning lines per 
television frame, 30 frames/sec) and 
second, of both vertical and horizontal 
resolution (with 30 frames/sec). 

These tables could be interpreted to 
say that, provided all other factors affect- 
ing picture quality are equal, a television 
picture having a limiting resolution of 
360 lines (the approximate capabilities 
of the existing television broadcast 
standard in the United States) is equiva- 
lent to a 35-mm sound motion picture 
film having a limiting resolution of 
about 12 lines/mm; or, to a 16mm 
sound motion picture film having a 
resolution of about 25 lines/mm. In 
actual practice film resolution having a 
limiting value of 30 to 40 lines/mm is 
not difficult to achieve but, on the other 
hand, the reproduced film picture is not 
able to maintain the contrast ratio that 
can be realized in a reproduced tele- 


vision picture as detail approaches the 
television cutoff value. Some workers 
in the field believe that the “other fac- 
tors affecting picture quality” men- 
tioned above may eventually be so im- 
proved in the television system that ex- 
isting standards will permit a television 
picture quality closely approximating 
that of the present-day 35-mm motion 
picture film in spite of wide differences 
in the limiting value of picture resolu- 
tion. 

It must be emphasized again that the 
tables provide numerically equivalent 
values of resolution. They do not in 
themselves permit a comparison of pic- 
ture quality. They in no way indicate 
the film resolution that is required when 
a film is to be reproduced over a tele- 
vision system or when a television pic- 
ture is to be reproduced on film. It is 
obvious that when a film is reproduced 
by a television system, or vice versa, 
the end result will contain the defects of 
both. For best results, therefore, both 
systems should be operated as close as 
possible to their limit of perfection, or, 
in some cases, be controlled to com- 
pensate for defects or limitations of the 
other.® 


Summation 

Picture quality and picture resolution 
are not necessarily synonymous. A 
figure indicating picture resolution is 
generally a numerical measure of the 
limit of detail distinction. Picture 
quality is a function not only of the 
limit of detail distinction, but also of the 
attenuation characteristic which accom- 
panies the reproduction of increasing 
detail, and numerous other factors of 
reproduction. 

The film industry speaks of resolution 
as a figure indicating the maximum 
number of black lines, separated by 
white spaces of equal width, which can 
be identified in a dimension equal to one 
millimeter of film surface. 

The television industry speaks of 
resolution as a figure indicating the 
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maximum number of alternate black 
and white lines of equal width, which 
can be identified in a dimension equal 
to the picture height. 
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Image Tubes and Techniques 


in Television Film Camera Chains 


By R. L. Garman and R. W. Lee 


In this country the iconoscope is used almost universally for motion pic- 


ture film camera chains. In Europe the flying-spot scanner has recently 
come into extensive use. Other pickup devices, storage and nonstorage, 
such as the image orthicon, image iconoscope and image dissector tube, 
have been used experimentally or in a limited commercial way. The 
characteristics of each of these tubes and their associated equipment are 
discussed, and certain advantages are evaluated with respect to such factors 
as signal-to-noise ratio, spurious signals, spectral response and transfer 


characteristic. 


INCE THE TIME Of the early mechan- 
~ ical schemes of light-spot scanning, 
many different techniques have been 
employed for producing television sig- 
nals from pictures on film. A relatively 
short while ago, charge-storage tubes 
were acclaimed as a great step forward 
and away from the rotating-disc or 
rotating-drum mechanical scanners. 
Electronic techniques which are now be- 
ing advanced as a desirable substitute 
for charge-storage tubes are exactly 
analogous to the early mechanical 
schemes. Historically, one develop- 
ment cycle seems to be complete. It is 
not only possible, but very probable, 
that further development will produce 
significant new advances in the art. A 
review of film projection methods and 
equipment now in use here or abroad 


Presented on April 25, 1950, at the Soci- 
ety’s Convention at Chicago, by R. L. 
Garman and R. W. Lee, General Precision 
Laboratory, Inc., Pleasantville, N.Y. 


. seems very much worth while at this 


time. 

In the discussion which follows, only 
those projector mechanisms which use a 
single film and a single gate are consid- 
ered. More complex schemes which 
have been proposed are omitted, not 
through lack of merit, but because space 
does not permit their inclusion. Also, 
the survey of photosensitive image 
tubes is restricted to those commercial 
types which are currently available. 


Projector Mechanisms and Timing 
Diagrams 

The timing diagram of Fig. 1 indicates 
the nature of the basic requirements on 
the projector mechanism. The tele- 
vision vertical sweep and retrace are 
displayed for reference. 

The television field frequency and the 
projector frame rate are those common 
to American practice, which is charac- 
terized by a conventional 24-frame/sec 
projector rate and a standard 60 cycle/ 
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sec vertical sweep frequency. It may 
be noted that British and continental 
European television practice is based on 
a 25-frame/sec sweep standard. Con- 
ventional film, recorded at 24 frames/ 
sec, provides very satisfactory results 
when played back frame for frame at 
this sweep frequency. The simplicity 
of frame-for-frame playback is not 
possible in this country, where the clos- 
est sweep rate that can be used for play- 
back is 30 frames/sec. Fortunately, 
the television and motion picture frame 
frequencies are commensurable, with the 
motion picture frame time of 1/24 sec 
corresponding exactly to that of two 
and one-half television fields. 

The usual method employed to make 
up for the difference in frame rates is 
that of scanning one film frame twice, 
the next three times, the next one 
twice, etc. Pulldown timing diagrams 
which accomplish this “2-3-2” method 
of scanning are illustrated in the last 
three lines of the timing diagram. The 
shaded areas correspond to intervals of 
time during which the film is in motion. 


Exposure of the pickup device to 
light from the film entails three tasks. 
The first is the transition from one mo- 
tion picture frame to the next. The 
second is illumination of the field, which 
must not take place while the film is in 
motion. The third is a raster scanning 
process, which may be accomplished by 
any one of several different methods. 
Some of these methods require that 
scanning be completed during the 
illumination of the field; others permit 
illumination of the field during a part of 
the scanning interval; still others do not 
permit illumination during any part of 
the scanning interval. Figures 2 to 4 
provide a more detailed breakdown of 
the basic timing diagram with regard to 
these differences. 

Figure 2 shows timing diagrams for 
film pickup systems in which the field is 
illuminated during the television sweep 
retrace time. Again, the vertical sweep 
and the vertical retrace period are shown 
for reference purposes. Illumination 
during the television sweep retrace time 
can be used with any storage-type 


VERTICAL 
RETRACE 


“FAST” (<< 55°) 
PULLDOWN 


— — — — — —-f 


.! 
"2-3-2" (<125)! 
PULLDOWN | 


“REALLY FAST" 
PULLDOWN(< 6°) 


FRAME DISSOLVE IN 
NON—INTERMITTENT 
PROJECTOR 


SEC.~ 144° SHUTTER ROTATION 


Fig. 1. Basic timing diagram for 24-cycle 
television projector mechanisms. 
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Fig. 2. Film pickup timing diagram; illumination 
during television sweep retrace. 
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Fig. 3. Film pickup timing diagram; illumination 
and pulldown during television sweep. 
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image tube such as the iconoscope, the 
orthicon, the image iconoscope and the 
image orthicon. The relationships illus- 
trated are typical of the mechanisms 
now in use in iconoscope film camera 
chains in this country. Two types of 
pulldown timing are in use, the standard 
24-cycle/sec “fast” pulldown, and the 
“2-3-2” mechanism with a basic repeti- 
tive pattern at 12 cycles/sec, in which 
nearly the full television field period is 
available for film motion. 

Figure 3 shows timing diagrams for 
film pickup systems in which both illumi- 
nation and pulldown of film may occur 
during the television sweep time. This 
method can be used only with a storage 
tube which integrates linearly the light 
falling upon the photocathode. The 
only example of such a tube at present is 
the image orthicon, which may be used 
quite successfully for this application. 
Of course, the film may not be illumi- 
nated while in motion, or “travel 
ghost”’ will result, as in any intermittent 
projector without a shutter. The two 
bottom lines illustrate the timing for one 
very simple scheme, which may be used 
with projectors which have a satisfac- 


VERTICAL 
SWEEP 


torily fast pulldown (60° or less). The 
120-cycle/sec illumination pattern for 
this scheme is generated very simply 
by a regular 24-cycle/sec shutter with 
five equally spaced slots. Unfortu- 
nately, there are extraneous photoelec- 
tric effects in the image orthicon which 
limit the minimum exposure time for 
this kind of operation. These effects 
are often visible as a streak across the 
picture, called an “application bar.” 
The visibility of this bar is more or less 
proportional to the peak illumination. 
It is therefore advisable to increase the 
duty cycle of the projector. There is no 
strict limit, but generally the perform- 
ance is acceptable if the shutter open 
angle is greater than 30°. A satisfac- 
tory solution is the use of a rather fast 
“2-3-2” pulldown mechanism with a 60- 
cycle/sec illumination pattern obtained 
from a 12-, 30- or 60-cycle/sec shutter. 
Inspection of the diagram will show that 
if the pulldown time is approximately 
50° in the ‘‘2-3-2” mechanism, exposures 
of 70° to 80° of shutter rotation can be 
obtained. 

Figure 4 shows timing diagrams for 
film camera chains in which pulldown 


VERTICAL 
RETRACE 


| 
ILLUMINATION 


Frame. DISSOLVE 


(<8°) 


= 


| 
| 
| 
| 
| 
| 


USED WITH ANY) 
KUP DEVICE, STOR 
STORAGE. 
| 
| 


Fig. 4. Film pickup timing diagram; pulldown 
during television sweep retrace. 
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occurs during the television sweep re- 
trace time. This mode of operation can 
be used with any photosensitive pickup 
device, storage or nonstorage. The 
illumination must properly be inter- 
rupted every 1/60 sec in order to provide 
equal exposures for each television field 
scan. If a nonintermittent projector 
with lap dissolve from one frame to the 
next is used, continuous illumination is 
possible. It may well be that, even in 
the case of the intermittent projector, 
film travel might be so fast that “travel 
ghost” would not result from illumina- 
tion during the retrace time. This 
possibility may have more than merely 
academic interest. Ten years ago most 
engineers were convinced that an inter- 
mittent projector with pulldown during 
the retrace time was not only impossible, 
but fantastic and ridiculous. This is 
not the case today. Mechanical inter- 
mittent mechanisms which are simple 
extrapolations of conventional design 
are now available, and will pull down 
film in approximately 15° of shutter 
rotation. Audible noise problems are 
often acute with these mechanisms. 
Completely new approaches to the 
problem now give promise of providing 
pulldown in less than the minimum 
vertical retrace standard set by the 
Federal Communications Commission! 


Tube Characteristics 

The film projector and the image- 
sensitive tube are the two elements 
which distinguish film operations from 
live studio techniques. In general, the 
tube types used for film pickup are the 
same as those developed for live pickup. 
They are the photomultiplier (used in 
conjunction with a flying-spot scanner), 
the image dissector (preferably with an 
electron multiplier), and the several 
storage tubes including the iconoscopes, 
image iconoscopes, orthicons and image 
orthicons. The parameters which are 
important in the selection of a tube are 
signal-to-noise ratio, transfer character- 
istic, freedom from spurious signals, 


spectral response and sensitivity. Res- 
olution capability is equally important 
but will be disregarded in this discussion 
because of the lack of good data on 
which to base conclusions. 

It is extremely important to recognize 
that the signal-to-noise ratio and the 
shape of the transfer characteristic can- 
not be considered independently in 
arriving at a real evaluation of obtain- 
able picture quality. The signal-to- 
noise ratio, measured as the ratio of peak 
signal to rms noise, is very much affected 
by the nature of the transfer character- 
istic of the over-all system, as well as by 
the noise distribution over the range of 
light flux utilized. Schade’ has pro- 
vided an excellent discussion of the rela- 
tions between these parameters. 

In commercial motion picture prac- 
tice, an over-all gamma from scene to 
screen of approximately 1.6 or 1.7 is con- 
sidered desirable from the audience 
point of view. It seems likely that the 
same objective also applies to television 
practice. In this case, however, the 
transfer characteristic of the kinescope, 
direct view or projection, is a power law 
with an exponent which probably falls 
in the range 2.0 to 2.8. Ideally, the 
transfer characteristic from scene illumi- 
nation to kinescope-grid driving signal 
should, in turn, be a power law with an 
exponent probably not exceeding 0.75. 
In order to compare camera-tube trans- 
fer characteristics, it will be necessary to 
assume that the line amplifiers are lin- 
ear. On this basis, the present studio 
practice of using a tube with a linear 
characteristic, such as the image orthi- 
con, results in raising the effective 
gamma above the desired objective, 
even in the case of live pickup where 
there is no modification of transfer 
characteristic due to film. 

Ordinary motion picture film can be 
assumed to have been processed to the 
over-all gamma figure mentioned above. 
When an iconoscope is used with such 
film at the illumination levels which are 
now common in film camera chains, the 
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result is an approximately linear trans- 
fer characteristic to the grid of the 
kinescope. In this situation, some 
transfer characteristic correction is 
probably desirable. When a tube with 
a linear characteristic is used in com- 
bination with the same type of film, the 
effective transfer characteristic to the 
grid of the kinescope has a power law 
exponent of about 1.6. The over-all 
transfer characteristic to the screen of 
the kinescope then has the extremely 
high power law exponent of 3.5 to 4.5. 
Hence, the use of some form of gamma 
correction is apparently mandatory 
when linear devices are used with 
normally processed. film. 

As an alternative, film which has been 
specially proeessed for use with linear 
image pickup devices may be considered. 
However, film processing to an effective 
gamma of 1.0 is probably the minimum 
feasible. Such film would give, again, 
an approximately linear characteristic 
to the grid of the kinescope and would 
result in about the same effective over- 
all gamma as in the case of present 
studio cameras on live pickup. Such 
special processing is probably feasible 
for very large television stations, or for 
network operations, where the capital 
available and the magnitude of the 
operation may enable complete specifi- 
cation and control of all steps in film 
production. However, as a_ general 
approach to the problem of film camera 
chain design, it cannot be assumed that 
specially processed film will always be 
available. Any such design will there- 
fore have to include provision for 
gamma correction, and again must con- 
sider the effect of gamma correction on 
the system noise level. 

In any image tube, there is a noise 
level set by the fundamental photo- 
current associated with the first stage of 
the process. The noise current, J,,,, 
for a given photocurrent, J,, in a band- 
width, Af, is given by: 


Inp V df (1) 


where ¢ is the electronic charge = 1.59 X 
coulomb. 
For a 4.25-me bandwidth, 


Tap = 1.16 x 10~* V I, amp. (2) 
Figure 5* illustrates this noise charac- 
teristic, which is typical of an ideal pick- 
up device and is approached by the 
photomultiplier. In the case of storage 


tubes, the noise level associated with 
other stages—scanning beams, amplifier 
input circuits and the like—masks the 
fundamental noise level almost com- 
pletely. This case will be discussed in 
more detail in connection with storage- 
type pickup tubes. 


Storage-Type Pickup Tubes 

Since the iconoscope,* the orthicon,* 
the image iconoscope® and the image 
orthicon®’ have been adequately de- 
scribed elsewhere in the literature, their 
construction and general mode of opera- 
tion need not be reviewed here. We 
may proceed directly to a consideration 
of those characteristics which are par- 
ticularly important for the film chain 
problem. 

Table I contains data from a number 
of sources, both published’* and un- 
published, on camera tubes available at 
present. The Aeriscope and Photicon 
entries are based on manufacturers’ 
information which has been supplied to 
the authors. Some obsolete tube types 
are included for comparison purposes. 
It may be noted that a very wide range 
of characteristics is tabulated. 

The smallest of the tubes is the Aeri- 
scope, an image iconoscope manufac- 
tured by Radio Industrie, in France, 
having a photosensitive area of ex- 
actly the same size as the 35-mm film 
frame. The Photicon, which is manu- 
factured by Pye, Ltd., of Cambridge, 
England, is also quite small, having an 
area less than one square inch. On the 
other hand, the mosaic area of the 


* Similar to curves which may be found in 
Ref. 2. 
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Fig. 5. Noise characteristics for an ideal pickup tube. (From RCA Review") 


1850A, the iconoscope most commonly 
used at present in film camera chains, is 
approximately 17 sq in. 

The sensitivities of the photo surfaces 
vary by a factor of approximately ten, 
the highest figures being obtained in the 
newest tubes, namely, the 5820 and 5826 
image orthicons and the European im- 
age iconoscopes. These same tubes 
also offer an advantage in that the spec- 
tral sensitivity curve of the photo sur- 
face very closely approximates the eye 
sensitivity curve, and hence enables 
very satisfactory operation with white 
light and color film. 

Tube sensitivity is normally specified 
in terms of the highlight illumination 
required on the photocathode. This 
form of specification is not very satis- 
factory for the television camera de- 
signer. The sensitivity of any photo- 
sensitive image device is more conven- 
iently measured in terms of total light 
flux required to give a picture with a 
specified signal-to-noise ratio, from a 
definite angular field of view, and with a 
specified depth of field.* Tube hand- 


books do not, of course, furnish informa- 
tion in this fashion, nor is there much 
indication of the signal-to-noise ratio 
attainable. In the case of pickup from 
film, depth of field is not an important 
criterion, but a knowledge of the total 
luminous flux required on the photo 
surface (independent of the picture 
size) is pertinent to any projector de- 
sign. The luminous flux required for 
each of these tube types is therefore 
tabulated as the product of the known 
area of the photosensitive surface and 
the nominal maximum highlight illumi- 
nation required. Approximate signal- 
to-noise ratios, in terms of peak-to-peak 
signal relative to rms noise voltage for a 
4.25-me bandwidth are also tabulated. 

Maximum luminous flux and signal- 
to-noise ratio figures are illusory in one 
sense. For example, there is no strict 
limit on the illumination in the case of 
the iconoscope. Present practice, as a 
matter of fact, provides a highlight 
illumination of 40 to 75 ft-c on the 
mosaic of the 1850A in most film camera 
chains. On the other hand, the image 
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orthicon illumination is more or less 
limited to the values given.* 

One entry in this table, labeled 
“Flashed Photicon” for want of a better 
term, refers to a particular method of 
operation of the Pye Photicon in film 
chains, rather than to a distinctly 
different type of tube. Details of the 
method are to be published elsewhere in 
the near future. However, the general 
features are known to the authors and 
are outlined herein by permission of R. 
Theile of Pye, Ltd., and F. H. Townsend 
of Cathodeon, Ltd., both in Cambridge, 
England, to whom acknowledgment for 
development is made. The timing 
diagram is basically similar to the third 
line of Fig. 2, except that flash illumina- 
tion as well as image illumination occurs 
during the vertical sweep retrace time. 
The flash illumination is provided by an 
auxiliary lamp which floods the photo- 
cathode with light during the initial por- 
tion of the retrace interval. The re- 
sulting photoelectrons provide a uni- 
formly distributed electron shower over 
the entire surface of the mosaic. Simul- 
taneously, the collector electrode is 
pulsed negative so that secondary 
emission is not collected from the mo- 
saic, which then becomes negative rela- 
tive to the normal collector voltage. 
The collector returns to normal poten- 
tial immediately following the light 
flash, and hence is appreciably positive 
with respect to the mosaic during image 
illumination and subsequent beam scan- 
ning. With a positive collector, sensi- 
tivity is increased and shading problems 
due to secondary electron redistribution 
are less acute. It is recognized that 
this kind of operation is possible only 
with intermittent exposure of the cam- 
era tube, as is the case in most film 
camera chains. 


Noise Considerations in Storage-Type 
Pickup Tubes 
The image orthicon represents the 
nearest approach to an ideal storage- 
type pickup tube. As was pointed out 


previously, the photocurrent noise is 
almost completely masked by the noise 
due to the scanning beam. The rela- 
tionship between scanning-beam-noise 
current, (J,,,), and scanning-beam cur- 
rent, (J,), is identical with that given 
for the photocurrent noise and can be 
written as: 


In = 1.19 X 10°V Ih (3) 


In the case of an ideal image orthicon, 
the beam current is 100% modulated. 
The beam-current noise is a maximum 
in the black, where the return beam cur- 
rent is a maximum, and a minimum in 
the whites, where the photocurrent 
noise is a maximum. This results in a 
total noise characteristic which is virtu- 
ally independent of illumination level, 
and .in noise fluctuations which are 
approximately the same in the blacks 
and whites. Practically speaking, the 
image orthicon falls short of this per- 
formance because the efficiency of beam 
modulation is not greater than about 
25% or 30%. A very large part of the 
noise output from the tube is therefore 
due to the unmodulated beam noise. 
These relationships are illustrated in 
Fig. 6,* in which the inherent noise level 
for an ideal pickup device, the noise 
level for an ideal image orthicon, and the 
total noise actually obtained from an 
image orthicon are all plotted as a func- 
tion of light flux on the photocathode. 
It will be noted that the signal current 
and the inherent noise current are double 
the values shown in the previous figure, 
to account for the secondary emission 
multiplication of approximately 2, which 
occurs at the target. 

In the case of iconoscopes, orthicons 
and image iconoscopes which do not con- 
tain signal multipliers, the noise level is 
set by the associated amplifier noise 
level. The equivalent input noise, /,,, 
to an amplifier with a bandwidth, df, 
and a response characteristic which is 
* Similar to curves which may be found in 
Ref. 2. 
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flat and independent of frequency over 
that bandwidth is given by”: 


Ine = 2 ag (1 + (4) 


where: k = Boltzmann’s Constant 
T = absolute temperature 
R = input resistance 
R. = equivalent input resistance 
due to shot noise in the first 


amplifier 
C = shunt capacity in the input 
circuit. 


This amounts to approximately 2.6 X 
10~* amp for a flat 4.25-me bandwidth. 

It is usually possible to increase sig- 
nal-to-noise ratio by using a fairly large 
load resistance. However, because of 
the associated capacity of the tube and 
input circuit, frequency compensation is 
required. It is necessary to peak the 
amplifier response characteristic to give 
a response which is proportional to fre- 
quency over the bandwidth. The 
equivalent input noise for a peaked- 
channel amplifier, (I’,,), has been given 
by Schade! as: 


I'n = 3.7 X 1071 Af)*/? (5) 


which for a peaked 4.25-me channel is 
approximately 3.4 X 10-*amp. How- 
ever, although the measured noise cur- 
rent for this peaked channel is numeri- 
cally greater than that given for a flat- 
channel amplifier, the effect on the eye 


is actually less. This has been noted by 
Schade," who has produced experimen- 
tal curves for the detail response charac- 
teristic of the human eye. He has 


Table II. 


shown that, because of the fine grain of 
the fluctuations associated with a 
peaked-channel amplifier, the effective 
noise current for a peaked channel is 
approximately one-third of the calcu- 
lated noise current for a flat 4.25-mc 
channel. The effective noise level in 
such a channel is therefore reduced by 
the eye characteristic to approximately 
1.1 X 10-* amp. 

Table II presents data on the transfer 
characteristic and the total luminous 
flux required for an effective signal-to- 
noise ratio of 35, for several of the tubes 
listed in Table I. The total luminous 
flux at maximum rating is listed for 
reference. On this basis, the icono- 
scopes and image iconoscopes offer a 
very much larger effective signal-to- 
noise ratio than is obtainable with either 
of the image orthicons, which have a 
much lower storage capacity and a flat- 
channel noise characteristic. 


Summary of Storage-Type Pickup 
Tube Characteristics 

The iconoscope can give a very good 
signal-to-noise ratio when used in a 
system having the proper transfer 
characteristic, but it presents difficulties 
with shading and bias lights, and does 
not have as good a spectral-response 
characteristic as might be desired. The 
image iconoscope is more sensitive, has 
fewer difficulties with shading, does not 
require edge or bias lighting, can give 
just as good a signal-to-noise ratio, and 
offers a very good spectral-response 


Transfer Characteristic and Effective Sensitivity of Television 


Camera Tubes. 


Power Law Exponent 


of Transfer 


Characteristic 


Total Lumens for 
Effective Signal-to- 


Total Lumens at 
i Noise Ratio of 35 


ax. Rating 


Photicon 
Flashed Photicon 
5820 


5826 


0.041 
0.03 


a 
| 
1850A 0.7 1.17 
1848 07 0:3 
1.0 (linear) 0.0001 0.0001 
1.0 (linear) 0.00043 0.00012 4 
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Fig. 6. Noise characteristics of image orthicons and iconoscopes. (From 
RCA Review’) 


curve. The image orthicon is ex- 
tremely sensitive, requires no shading 
adjustments by the operator, and in the 
newer types has a good spectral-re- 
sponse curve; however, its signal-to- 
noise ratio is not very good when the 
transfer characteristic required for pick- 
up from film is considered. In terms of 
picture quality obtainable with storage- 
type camera tubes, the image iconoscope 
seems to rate first, the iconoscope second 
and the image orthicon third. How- 
ever, the image orthicon must not be 
discounted where low operating cost, 
rather than attainment of the very high- 
est picture quality, is of prime impor- 
tance. Ease of operation, and the rela- 
tively simple nature of the associated 
projection equipment are useful proper- 
ties for low-cost operation. It is quite 
feasible to consider a projector used on 
the studio floor with an ordinary studio 
image orthicon camera which is dollied 
up to the projector for film commercials 
and programs. There are, in fact, many 
kinds of film operations for which the 


image orthicon camera will give per- 
fectly acceptable picture quality, at 
low operating cost. 


Nonstorage-Type Pickup Tubes 

The earliest mechanical schemes of 
light-spot scanning, as applied to film 
pickup, utilized a rotating disc or drum 
as the source of the light spot and a 
photocell as the sensing, or transducing, 
element. The modern flying-spot scan- 
ner, using a special cathode-ray tube as 
the source of the light spot, and substi- 
tuting a photomultiplier for the diode 
photocell, is now widely recognized as a 
device which can provide very high 
quality signals from film. The multi- 
plier-type image dissector tube is also 
familiar to television engineers, and can 
produce excellent television pictures, 
but to date has received less publicity. 

By their nature, these nonstorage 
pickup devices require continuous illumi- 
nation of the photosensitive surface 
during the scanning of the picture. 
Hence, their use is confined either to 
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continuous-motion projectors, or to 
those intermittent projectors in which 
film pulldown is completed during verti- 
cal retrace of the television scan. Un- 
fortunately, neither projector has as yet 
been successfully applied to pickup 
from motion picture film in this country. 

The necessity of scanning in 2-3-2 
sequence, dictated by the difference be- 
tween television and motion picture 
frame rates in this country, very seri- 
ously complicates the problems of the 
continuous-motion projector. In Eng- 
land and Europe, where frame-for- 
frame playback is ordinarily used, the 
results obtained with a continuous- 
motion projector and the flying-spot- 
scanner technique are startlingly good. 

Where frame-for-frame playback is 
possible, the flying-spot-scanner tech- 
nique applied to pickup from continu- 
ously moving film offers some advan- 
tages over other methods of pickup. 
Adjustment of the centering, amplitude 
and linearity of the raster on the scanner 
tube allows compensation of certain 
types of imperfection in film motion. 
Experimentally, it has been found that 
the film velocity can be made suffi- 
ciently uniform to maintain good inter- 
lace and vertical resolution. Very high 
quality television pictures are obtained 
from film in this manner in equipment 
manufactured by the Cinema Television 
Co., and Electrical and Musical Indus- 
tries, Ltd., in Great Britain, and by 
Radio-Industrie in Paris. 

The photomultiplier in this applica- 
tion constitutes a nearly ideal pickup 
device with a noise characteristic similar 
to that shown in Fig. 5. The highlight 
flux required for a very high signal-to- 
noise ratio is about 10~* lm, which is not 
difficult to obtain from a high-voltage 
scanning tube especially designed for 
the purpose. 

The scanning tube presents more 
serious problems, such as the problem of 
phosphor “grain.” Grain results in 
signal fluctuations which, on close in- 
spection, are seen to be nearly stationary 


on the raster. Experimental scanning 
tubes have been built which are rela- 
tively free of this defect, but such tubes 
are not as yet commercially available. 
Another problem is created by the phos- 
phor-decay time of current tubes. 
Light output from the phosphor should 
decay to a low value in a fraction of a 
microsecond; otherwise light is col- 
lected from points along a line behind 
the flying spot, instead of from the spot 
alone, and streaking and loss of resolu- 
tion result. Although it is possible to 
compeusate for slow phosphor decay by 
proper shaping of the frequency re- 
sponse curve of the amplifiers, the re- 
sults are not always optimum. Still 
another problem is due to phosphor 
color. The light output should be 
essentially white to enable faithful re- 
production of tonal values from color 
film. To date, the only phosphors 
found useful for flying-spot-scanner 
tubes have suffered the defect that the 
luminous spot is colored green, blue or 
violet. 

The principle of the image dissector 
tube is illustrated in Fig. 7. A steady 
and continuously illuminated picture is 
projected on the photocathode. By 
conventional television deflection tech- 
niques, the photoelectrons emitted from 
the photocathode are scanned across the 
stationary rear aperture and amplified 
by a more or less conventional electron 
multiplier. The projector may use 
either continuous film motion or rapid 
intermittent pulldown. The image dis- 
sector tube has the distinct advantage 
that there is no difficulty in rendition of 
color film, since a standard projector 
light source (tungsten or carbon) may 
be used. For the same reason, it is not 
difficult to obtain the light flux required 
(which is greater than that needed for 
the flying-spot scanner by a ratio equal 
to the number of picture elements 
scanned). 

A comparison of flying-spot-scanner 
and image-dissector techniques is diffi- 
cult because a consistent analysis must 
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assume projectors developed beyond the 
point where they stand today. As a 
personal opinion, the authors submit 
that the continuous-motion projector 
will not be the solution; previous at- 
tempts do not seem to have yielded a 
steady enough picture for the dissector 
tube, and in the case of the flying-spot 
scanner the problem of conversion from 
24 to 30 frames/sec seems to be an in- 
surmountable obstacle. No intermit- 
tent projector capable of pulling film 
into register during the television field 
retrace time is now available. How- 
ever, in view of the many development 
groups at work on the problem, a satis- 
factory solution seems inevitable. Once 
such a projector is available, both flying- 
spot-scanner and image-dissector tech- 
niques will offer very interesting possi- 
bilities for generating high-quality tele- 
vision pictures from film. Both tech- 
niques promise ideal noise character- 
d istic, complete freedom from shading 
problems, and relatively high sensitivity. 
| At the present time, with projector 
mechanisms which are available, stor- 
age-type pickup tubes offer the only 
feasible solution. 
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Characteristics of All-Glass 
Television Picture Bulbs 


By John L. Sheldon 


Discussed are methods of manufacturing glass television bulbs, together 
with engineering data on mechanical, dimensional, optical and electrical 
characteristics of bulbs and glass. Current trends are given for size, shape 


and deflection angle. 


S AN ENGINEERING MATERIAL, glass 

has an extraordinary versatility 
and range of useful properties. The im- 
portant uses in motion pictures and tele- 
vision are too numerous to recite here, 
except to say that without glass it is 
difficult to see how the two industries 
could exist. In the case of television 
bulbs the properties of glass that are of 
particular importance are optical clar- 
ity, electrical characteristics and high- 
vacuum properties. 

Although picture-tube bulbs may be 
made of a combination of glass and 
metal, this paper will deal only with the 
all-glass type, which predominate in the 
industry today. Glass is basically a 
very cheap material and thus is a desir- 
able one on which to base a large volume 
item that must sell in a narrow-margin, 
competitive field. In addition to the 
fundamental price factor, glass is an 
electrical insulator and serves not only 
as the vacuum container, but permits 


Presented on October 16, 1950, at the 
Society’s Convention at Lake Placid, 
N. Y., by John L. Sheldon, Development 
and Research Dept., Corning Glass Works, 
Corning, N. Y. 


the tube to be mounted in the set 
cheaply and with little danger of elec- 
trical leakage. 


Method of Manufacture 


Glass bulbs for small cathode-ray 
tubes, such as are used in oscilloscopes, 
are generally made by blowing in one 
piece. However, it is difficult to get the 
glass distribution and surface quality 
required for large bulbs by a blowing 
method. Therefore present-day large 
bulbs are made by a process which was 
originated by Corning Glass Works,’ the 
first large-scale application being the 
production of large quantities of cath- 
ode-ray bulbs used during the war in 
radar equipment. 

Briefly, the present method of manu- 
facture consists in sealing together three 
separate parts. In Fig. 1 are shown the 
parts from which the popular 165¢-in. 
rectangular bulb are made. The panel 
is made by pressing, which insures accu- 
rate control of face thickness and curva- 
ture. The middle section, or funnel, 
also may be made by pressing, or by a 
process of centrifugal casting. Cast 
funnels have the advantage of less 
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weight. Drawn tubing is used for the 
neck, thus satisfying the rather stringent 
requirements imposed by close-fitting 
components that must slide over the 
neck, as well as the need for ample elec- 
tron beam clearance inside. Further, an 
accurate, round bore insures accurate 
alignment of the electron gun. 

A # Alloy “button” is sealed into the 
side of the funnel with fully automatic 
machinery. It serves to make contact 
with the conductive coating which is on 
the inside of the bulb. Successful but- 
ton sealing goes back to the manufacture 
of the alloy. The analysis must be 
witiiin close limits, as well as the expan- 
sion coefficient. Also, it must have 
proper oxidation characteristics. Be- 
fore use, the button must have a special 
cleaning, followed by oxidation in wet 
hydrogen at about 1200 C. The oxide 


that is produced bonds to the glass 
during sealing to form a strong, vacuum- 
tight joint. 

Formerly the three separate parts 
were joined by welding with gas fires. 
We now employ an electric method? for 


sealing panel and funnel together. It 
has the advantage that heat is gener- 
ated within the glass, rather than 
“pushed”’ in from the outside. Also, the 
method is fast and easy to control, 
hence it is very well suited for mass 
manufacture. The result of electric 
heating is a seal that has excellent 
geometry and strength. 

Because the finished tube is evacu- 
ated, and thus subject to external pres- 
sure, it must be strong. A factor of 
safety is necessary to guard against 
breakage when the tube is mishandled. 
Therefore it is customary to design 
bulbs to withstand a pressure of three 
atmospheres. 


Glass Characteristics 

One of the important developments 
of the past two years has been that of a 
new lead-free glass designed particularly 
for mass-produced picture bulbs. Dur- 
ing the war lead glass was used for 
radar cathode-ray oscilloscope bulbs, 
partly because high electrical resistivity 
was needed. Lead has been an expen- 


Fig. 1. Separate parts that are sealed together to make a bulb. 
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sive and uncertain material and because 
a substantial percentage was used, the 
bulbs were heavy. 

A glass completely free from lead is 
of particular importance at this time 
when it is almost certain that restric- 

+ tions will be placed on lead and other 
strategic materials. This is doubly im- 
portant in view of the accelerated elec- 
tronics program. Radar tubes can be 

: made from lead-free glass to advantage; 
in fact, the optical quality of future 
radar tubes will be far better than those 
used in the last war. Military radar 
will also benefit from other substantial 
advances made in glass technology. 
During World War II most of the panels 
for radar bulbs were made by the labor- 
ious method of hand pressing. Now, 
high-speed pressing of 20-in. panels is 
routine. 

The new glass (Corning Code 9010) 
was tailored to the exacting require- 
ments of television. It has a high elec- 
trical resistivity, is 15% lighter than the 
lead glass formerly used (Corning Code 
0120) and can be readily melted to give 
the exactingly high quality that is de- 
manded in picture-tube panels. In 
Table I are some engineering data. 


Table I 


Density 2.59 

Refractive Index(Np) 1.506 

Coefficient of Expan- 
sion (Average 0- 


88.5 X 1077 
em/em/ °C 


Electrical Resistivity 
250 C 

Softening Point 

Annealing Point 

Strain Point... . 


log 7.0 (ohms/cm) 
log 8.9 (ohms/em) 
650 C 
442 C 
411 C 


Although it is important to control 
the properties of all electronics glass 
within narrow limits, this is particularly 
vital for television picture bulb glass. 
Close control of the expansion coefficient 
is dictated by the method of bulb manu- 


mittance is shown in Fig. 2. 
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facture, which requires very large seals 
between relatively thick “high” expan- 
sion glass. In this operation, two glass- 
to-glass and one glass-to-metal seals are 
required. Much of the time the sepa- 
rate parts are produced from different 
tanks. A third glass-to-glass seal is 
made by the tube manufacturer. Not 
only is expansion important, but so also 
are the viscosity characteristics. The 
“stem” carrying the electron gun is 
joined to the neck with a “drop” seal, 
in which the heated neck-glass is pulled 
down around the stem by gravity. This 
high-speed, automatic operation is de- 
pendent on close control of glass prop- 
erties. 

High electrical resistivity is desirable 
for several reasons. First, the full 
anode voltage appears across the wall of 
the neck tubing, from the inside conduc- 
tive coating to the external components 
which are at ground. Second, in many 
types the outside of the funnel is coated 
with a conductive paint. Thus, the 
bulb also serves as a filter condenser, the 
glass wall being the dielectric. Last, if 
the resistance were low, then the tube 
mounting would have to be a good insu- 
lator to prevent excessive electrical leak- 
age through the glass to ground. This 
would increase set cost. 


420 300 380 660 740 


Fig. 2. Transmittance curve for 
Corning 9010 neutral-gray glass. 


The first lead-free glass to be used was 
“clear.” However, following an exten- 
sive program of development with the 
tube industry, a neutral gray version 
was Offered in 1949. The spectral trans- 
Use of a 
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neutral absorbing glass minimizes the 
loss of contrast due to ambient light 
that falls on the screen.* This was an 
important contribution, because of the 
trend toward viewing television in 
lighted rooms and, also, because of the 
increase in the number of daytime 
programs. An absorbing glass also 
minimizes loss of contrast due to hala- 
tion, which is the result of internal reflec- 
tions within the face.‘ 

At present there is an industry stand- 
ard for luminous transmittance and 
chromaticity which was agreed upon by 
the Joint Electron Tube Engineering 


Committee (JETEC) of the RTMA 
(Radio and Television Manufacturers 
Assn.). For 101%-in. and 12!4-in. bulbs 
the luminous transmittance is 66 + 3%. 
The chromaticity is defined by use of the 
International Commission on Illumina- 
tion color system. In Fig. 3 is shown a 
nominal spectral emission curve for the 
P4 7000° white phosphor used in tele- 
vision tubes, while Fig. 4 shows the 
tolerance area for chromaticity. The 
nominal chromaticity of the standard 
P4 phosphor-gray glass combination is 
x = 0.3044 and y = 0.3177, with a toler- 
ance area as shown in Fig. 5. Considera- 
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Spectral energy emission characteristics of typical 7000 K all-sulfide 
P4 screen. 
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tion is currently being given to stand- 
ardizing larger-sized bulbs. 


Trends in Bulb Design 

The phenomenal growth of television 
is matched only by the equally rapid 
rate of change within the art—a rate 
so great as to make most written mate- 
rial out-of-date before it can be pub- 
lished. 

1. Size. In 1948 the 7-in. electro- 
static and 10%-in. electromagnetic 
round tubes were the large-volume 
types. They were supplanted by the 
1214-in. round tube in 1949, which in 


turn has become practically obsolete, 
being followed by 16-in. and 19-in. 
round bulbs. This evolution is shown 
in Fig. 6. 

The ready acceptance of larger and 
larger pictures brought about the prac- 
tice of “overscanning,” which resulted 
in a picture with straight top and bot- 
tom sides, but with circular ends. While 
this increased the utilization of avail- 
able screen area, there was a loss of the 
information in the corners and a depar- 
ture from the 4:3 rectangular shape. 
This subject was recently discussed by 
Bretz.® 


280 300 10 


Fig. 4. JETEC color limits for P4 white phosphor. 
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Fig. 5. JETEC specifications for neutral filter face glass. 


Fig. 6. Trend of bulb size, 1948-1950. 
From left to right, 7-in., 814-in. (both blown bulbs), 1014-in., 121%-in., 157%-in., 187-in. 
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Fig. 7. Three 157%-in. bulbs 
Left to right, 70°, 52° and 60° deflection angles, 


Fig. 8. Rectangular bulbs 
Left to right, 1311¢-in., 165¢-in., -in. 
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Yoke Reference Line 


Major Axis 


1-7/16”" 0.D. 


Lj 


Diagonal 


L\ 


Minor Axis 


21” R. 
15- 25/64" 


Fig. 9. Drawings of 1654-in. rectangular bulb. 


2. Length. While round bulbs were 
still in use there was a trend toward 
wider deflection angles, which resulted 
in the desirable advantage of shorter 
tubes. For example, the 157%-in. round 
all-glass bulb has been made in 52°, 60° 
and 70° types, as shown in Fig. 7. All 
use the same panel, but different fun- 
nels. Shortening the bulb saves valu- 
able cabinet space and this has become 
more important with the trend to larger 
sizes. At the time of writing, 70° is the 
commonly used deflection angle. 


3. Bulb Shape. The somewhat dubi- 
ous practice of overscanning in round 
tubes has now been corrected through 
the introduction of rectangular bulbs. 
We are sure that the return to the rec- 
tangular picture is gratifying to most of 
the members of this Society. Figure 8 
shows the 131,-in., 165¢-in. and 
20342-in. bulbs. At the time of writing, 
the 165-in. is a very popular type, 
although the demand for 203¢>-in. is 
increasing rapidly. 

4. Dimensional and Other Considera- 
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tions. The rapid rate of change has 
brought with it an engineering challenge 
of some magnitude and the problems of 
designing and building equipment of 
increasing size have resulted in consider- 
able progress in the art of glass making. 
The demand for better and better glass 
quality has led to frequent revision of 
specifications and we should not here 
attempt to go into the six or seven pages 
of specifications that cover a single type, 
except to say that the glass quality and 
dimensional standards have steadily in- 
creased. Some of the conventions hav- 
ing to do with dimensions may be of 
interest. In Fig. 9 are outline drawings 
of the 1654-in. rectangular bulb, which 
show some of the important dimensions. 
A practice of long standing in the lamp 
and tube industry is to rate the size of 
bulbs by use of a number which is the 
maximum outside diameter in eighths of 
an inch. Rectangular bulbs are rated 
by the diagonal dimension. For ex- 
ample, the 165-in. bulb shown in Fig. 
9 is a C-133. When the bulb is regis- 
tered with the American Standards 
Assn. the size designation is prefixed 
with the letter “J.” Tube sizes are also 
based on the maximum outside diam- 
eter, or diagonal, and are given in 
inches, to the nearest inch. Tubes are 
registered with the Radio and Television 
Manufacturers Assn., which assigns a 
title. For example, one of the tubes 
made from the 165¢-in. bulb is the 
17AP4. The “A” isa serial designation 
and the P4 describes the phosphor. 


Future Developments 


We believe the rectangular shape is 
here to stay. The 20%4o-in. size is be- 
coming very popular, but it does not 
appear to be the end and a rectangular 
bulb with a diagonal in the mid-20’s is 
on the drawing board. The ultimate 
size will probably be limited by eco- 
nomic considerations and certainly by 
the size of the average door. How much 
wider the deflection angle will go is a 


matter that depends more upon circuitry 
and component considerations than on 
glass manufacturing. However, the 
larger sizes will bring pressure to 
shorten the bulb through use of wider 
angles. 

To date virtually all the tubes manu- 
factured have gone into new sets. It is 
the writer’s opinion that there is a place 
in the home for a medium-sized picture, 
perhaps in the 14-in. range, and that 
in the future there will be a return to 
this size. Such a set might well be the 
“second” one in the home. 

As of October, 1950, there is consid- 
erable interest in the use of nonglare 
finish on the face of tubes. This is a 
slight matte finish which diffuses reflec- 
tions and thus lessens the annoyance 
due to recognition of various objects or 
light sources that are seen by specular 
reflection in the untreated tubes. Such 
a finish must be carefully controlled to 
strike the best compromise between 
reduction of specular reflection and loss 
of resolution and contrast. 

A more recent solution to the problem 
of annoying specular reflections is the use 
of panels that have a cylindrical, rather 
than spherical surface, the axis of the 
cylinder being vertical. It is obvious, 
from simple geometry, that in most cases 
the seated viewer will not see reflections 
of lights and objects that are above his 
eye level and, also, that further protec- 
tion can be realized by tilting the tube 
downward a few degrees. As a result, 
the room can be easily lighted to a de- 
sirable level without the annoyance of 
reflections. Also, there is no loss of 
resolution or contrast as is the case with 
tubes having a frosted finish. Demon- 
strations of operating tubes were held 
for tube and set makers in New York 
and Chicago in late October and the re- 
sults were very striking. 
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Discussion 

Mr. Seetey: Would the author say a 
few words about glass tubes as compared 
with metallic tubes, with regard to the 
results that can be obtained and the cost of 
production? 

Dr. SHEvpon: I am not prepared to dis- 


cuss the production costs. The perform- 
ance is a matter of tubes, and I think 
that isa question that might more prop- 
erly be answered by one of the tube people. 
So far as I know, there is no essential 
difference in the performance, once the 
tube is installed in the set. However, 
all-glass tubes have certain advantages as 
regards mounting in the set. 

Anonymous: What is the minimum 
reflection on the face of a 20-in. tube—the 
minimum are across the surface? 

Dr. SHELDON: You mean the panel 
radius? 

Anonymous: That is right. 

Dr. SHELDON: The outside panel radius 
is 40 in. 

Anonymous: What is the chord across 
the curved surface of the face of the tube? 

Dr. SHELDON: Across the maximum 
diagonal? That is about 1)-in. less than 
that (20 in.), approximately. That takes 
care of the thickness of the glass and the 
radius. 
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ABSTRACT 


Stereo-Television in Remote Control 


By H. R. Johnston, C. A. Hermanson, and H. L. Hull 


HE sTuDY of the possibilities of 
three-dimensional television 
in conjunction with remotely controlled 
electric manipulators is part of a long- 
range development program being 
undertaken by the Remote Control 
Engineering Division of the Argonne 
National Laboratory. 

Manipulation of objects in three di- 
mensional space requires that depth 
perception be incorporated into any 
scheme used to view and control the 
means of manipulation. It is not suffi- 
cient to use ordinary two-dimensional 
television for this purpose since the 
ability to judge depth is almost entirely 
lacking. 

A standard Du Mont television pick- 
up chain was employed in the develop- 
ment of stereo-television. The stereo- 
scopic pair of images are placed side by 
side by a twin lens system onto the 
photocathode of the television camera 
tube. The images occupy the same 
space on the photocathode as a single 
image in standard two-dimensional tele- 
vision and they are transmitted simul- 
taneously. At the receiving end of the 
stereo-television system, the two images 


Abstract by Pierre Mertz of a paper pre- 
sented on September 26, 1950, at the 
Nationa] Electronics Conference at Chi- 
cago, Ill., (in which the SMPTE Central 
Section participated), by H. R. Johnston, 
C. A. Hermanson and H. L. Hull, Argonne 
National Laboratory, P.O. Box 5207, Chi- 
cago 80. The complete paper was pub- 
lished in Electrical Engineering for Decem- 
ber, 1950, and will also be published in 
Proceedings of the National Electronics Con- 
ference, vol. 6 (for 1950). 


appear side by side on the face of a 
standard kinescope or television picture 
tube. 

Two polarizing filters whose axes of 
polarization are at right angles to each 
other are placed immediately in front 
of the images on the cathode-ray tube. 
An observer wears a pair of polarizing 
spectacles so oriented that the right eye 
is permitted to see only the right-eye 
image and the left eye sees only the left- 
eye image. 

A second method used to view the 
three-dimensional television pictures 
makes use of two television picture 
tubes. These tubes are arranged at 
right angles to each other and a semi- 
transparent mirror is placed so that it is 
at 45° with both tubes. Crossed polariz- 
ing filters are placed in front of each pic- 
ture tube and the observer wears crossed 
polarizing spectacles. The observer is 
enabled to see the three-dimensional 
image by observing one image by trans- 
mission through the semitransparent 
mirror and the second image by reflec- 
tion. 

To test adequately the possibilities of 
the stereo-television system as a means 
of seeing objects in three-dimensional 
space, two mechanical Master-Slave 
manipulators were arranged so that the 
operator sat with his back to a wall, 
behind which the slave hands and the 
stereo-television were located. The 
operator faced the stereo receiver and 
saw a three-dimensional image of the 
manipulator “slave” hands and objects 
in the work area, while with his hands in 
the “master” controls he manipulated 
objects in the field of view. After a few 
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minutes of indoctrination any person 
with normal vision can be taught to see 
and manipulate the objects in view from 
a remote distance. In another setup, 
an electrically operated manipulator was 
made to perform miscellaneous feats of 
lifting objects and pouring liquids from 
one beaker to another, while the opera- 
tor controlled its movements from an- 
other room over 50 ft away. 

The present system of stereo-televi- 
sion using one camera pickup tube, gives 
a stereo picture which has an aspect 
ratio of three high and two wide. This 


The Orthogam Amplifier 


R SOME TIME it has been known that 
film pickup tubes'? do 
not produce video voltages ideally suited 
for reproduction by a normal kinescope 
unless gradient correction is applied. 
A re-evaluation of the transfer charac- 
teristic required in the television trans- 
mission system for optimum picture 
quality was undertaken, to include 
conditions actually encountered in nor- 
mal commercial broadcast operation. 

A series of slides was produced, each 
having an “average gray’? background 
(density about 1.2) and, centered in that 
area, a rectangular “window.” Each 
slide was made with a different window 
density, to cover the range normally 


Abstract by Clyde R. Keith of a paper by 
C. L. Townsend and E. D. Goodale, Engi- 
neering Dept., National Broadcasting Co., 
Inc., RCA Bldg., Radio City, New York 
20, published in RCA Review, vol. 9, no. 3, 
pp. 399-410, Sept. 1950. 
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may be undesirable for use in any per- 
manent installation. In addition, the 
field of view is restricted, and the resolu- 
tion is adversely affected. 

A more desirable system would con- 
sist of the use of two television camera 
pickup tubes arranged side by side in a 
horizontal direction. The left pickup 
tube would supply a left-eye view to one 
of the receiving tubes of the dual viewer 
and the right pickup tube would supply 
the video signal for the second receiving 


tube. 
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encountered in practice. The slides 
were projected in succession, and in 
such a way that the same portion of the 
mosaic was used for each window. Os- 
cilloscope readings of the voltages so 
generated showed a reasonably linear 
relationship with window density. 

To determine the characteristic which 
is actually obtained in the existing re- 
cording-reproducing system, the ‘“win- 
dow” test was again used. A video 
voltage, representing the window and an 
appropriate background, was fed to the 
recording system. The amplitude of the 
voltage of the window proper could be 
precisely controlled to produce any value 
within the normal recording range, plus 
some excess into overload values, if de- 
sired. A recording was made of this 
signal, and the film processed normally. 
That film was then reproduced on an 
iconoscope system, and the output volt- 
age values noted on an oscilloscope. 
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The resulting plot is shown in Fig. A 
(Fig. 3 in original paper], and includes a 
wider range than is normally used. A 
serious compression of white-range volt- 
ages is present. All transfer characteris- 
tics of the intermediate recording and 
reproduction steps also were plotted 
with significant information produced at 
each point. Exposure and processing 
methods were altered in an effort to re- 
duce the undesirable effects shown in 
Fig. A, but the general characteristic re- 
mained. 

An analysis of Fig. A indicates that 
some nonlinear compensation is needed 
for both direct film and kinescope re- 
cording reproduction. The two cases 
differ as to amount required, but are 
otherwise generally similar. Both are 
simple curves, and compensation should 
be feasible. 

Many times in the past “gamma cor- 
rection” amplifiers have been built 
which had variously shaped transfer 
characteristics. Most of these actually 
compressed one part of the characteris- 
tic in order to get a relative expansion 
of another. Figure A indicates that the 
“black” half of the characteristic should 


not be altered, but rather an expansion 
in the “white” range is required. No 
gradient change should be permitted in 
the near-black signals, even though their 
relative amplitude is reduced to permit 
white expansion. 

With the above requirements in mind, 
the Model “A” orthogam amplifier was 
designed with two parallel amplifiers, 
as indicated in Fig. B [Fig. 4 in original 
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Fig A. Volts input to kinescope re- 
cording versus volts output from film 
ucer. 
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Fig. B. Block diagram of Model “B”’ orthogam amplifier. 
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paper]. The upper branch path pro- 
vides a completely linear output voltage, 
to which the lower branch adds ex- 
panded white voltages. Large video 
voltages can be fed to V5, and its bias 
can be controlled to allow only the high- 
light tips of those voltages to be passed 
by the tube. Thus both amount and 
gradient of the correction can be con- 
trolled, without causing nonlinear opera- 
tion in the black region. 

Six orthogam Model “A” amplifiers 
were put into operational service as an 
extended performance check. ‘“In-Out’” 
tests immediately gained the coopera- 
tion of the operating personnel. Notice- 
able improvement in film transmission 
quality was commented on by observers 
not familiar with the tests. As an un- 
expected dividend in many cases the 
effect of flare was reduced, since in 
normal operation most of it occurs at 
low amplitude in dark areas, and the 
orthogam reduces the relative amplitude 
of such voltages. However, it shortly 
became apparent that some changes in 
the method were required. Operating 
crews found the units were “wild” —that 
is, they made video level riding difficult. 
This was found to be due to the fact that 
once a correct gradient was chosen for 
the normal maximum voltage level, 
much steeper gradients existed above 
that point, in the nominally unused 
region of overload. Frequently a video 
voltage peak would rise into that re- 
gion and the additional amplification 
there would drive it far higher than it 
would otherwise have gone. Subse- 
quent reduction of system gain cor- 
rected the matter, but only after a 
troublesome transition period. With 
close attention during rehearsal, and 
constant vigilance during broadcast, 
these effects could be acceptably mini- 
mized, but final judgment was that the 
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Model “A” was not an operationally de- 
sirable tool. 

Based on the above results, a new 
attack on the problem was made. Us- 
ing the same basic philosophy of cor- 
rection, it was decided that the major 
additional requirement was that the top 
desired gradient must be the greatest 
actually encountered in the system 
under operating conditions. Thus, 
instead of a continuously rising gradient 
in the overload-voltage region, the new 
orthogam must be linear at the steepest 
desired slope. This objective has been 
achieved in the Model “B” orthogam 
amplifier. [A circuit schematic and 
description are given in the original 
paper. 

Several NBC film studios now have 
been equipped with Model “B” units, 
and considerable operational experience 
indicates that the gainriding difficulty 
experienced with the “A” model has 
been largely overcome and substantial 
improvement provided in the transfer 
characteristic of the over-all system. 
This is evidenced in the viewed picture 
by a reduction in the chalkiness of faces 
and an improvement in the separation 
between other white and near-white por- 
tions of the reproduced image. The 
average brightness of the picture is re- 
duced somewhat due to the fact that the 
a-c axis has been pushed towards the 
blacks. The end result is a more nat- 
ural and pleasing reproduction. 
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Diffuse and Collimated T-Numbers 


A Review and Description of New Equipment 


By Allen E. Murray 


The SMPTE Subcommittee on Lens Calibration has formally recognized, 
through incorporation in its report, two methods of lens calibration. 
While they reach equivalent results and will calibrate lenses identically 
when properly safeguarded, each has its own shortcomings and advantages, 
which are not commonly recognized. To dispel the evident misunder- 
standings about these two methods, they are compared and the reasons are 


indicated for the method chosen. 


New equipment designed by Bausch & 


Lomb Optical Co. for lens calibration based on ti. diffuse method is de- 


scribed briefly. 


ROM THE INTERDEPENDENCE of 
Fotysical phenomena it follows that 
a given quantity can be measured in 
more than one way. The more funda- 
mental it is, the larger is the number of 
its interrelationships and the larger 
the number of methods available for its 
evaluation. In the realm of pure phys- 
ics this principle is put to use in assur- 
ing consistency of theories and the 
correctness as well as the limits of 
accuracy of fundamental constants. 
On the engineering level it assures, in 
addition, the solution of virtually 
any problem that may be raised, since 
it provides alternative procedures for 
finding the solutions, as well as checks 
on their correctness. 


Presented on October 19, 1950, at the So- 
ciety’s Convention at Lake Placid, N.Y., 
by Allen E. Murray, Scientific Bureau, 
Bausch & Lomb Optical Co., Rochester 2,' 
N.Y. 


It is interesting to note that there is 
also a complementary principle at work: 
the principle of uniqueness of experi- 
mental arrangements and implications. 
This requires that the results obtained 
from given experimental equipment be 
specific to that equipment and issue 
only from the principles it employs. 
The distinctions thereby created may 
in many cases be without a difference, 
but the possibility of alternative 
methods of accomplishing things im- 
plies that the things done are not 
identical in detail. 

These observations are prompted by 
the recent history of photometric lens 
calibration. This problem reduces, in 
essence, to the measurement of the 
illuminance in the image plane of a 
lens under such conditions that the 
transmittance and relative aperture 
are evaluated together. This requires, 
in principle, that the illuminance at a 
particular stop be compared with the 
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illuminance produced by an ideal lens 
or its equivalent at a similar stop. 
Within the limitations of the general 
method there is a large number of 
procedures capable of meeting the 
requirements of accuracy and obedience 
to essential physical principles. These 
procedures are not all equally reliable 
or sound, and each measures the illumi- 
nance under a different set of circum- 
stances, measures a quantity 
which, though related, is not always 
the one wanted. 

All these considerations were in the 
collective mind of the Society’s Sub- 
committee. when it prepared its report! 
and, in Appendix II, discussed two 
general experimental procedures 
whereby the T-number could be evalu- 
ated. The Subcommittee, however, 
understandably failed to point out that 
of all physical procedures, the photo- 
metric are among the most treacherous, 
in that even when the principles are 
correctly applied, it is disconcertingly 
easy to commit some simple error of 
omission, failure to eliminate every last 
trace of stray light for instance, vitiating 
the whole procedure. The extent to 
which extremely careful attention must 
be paid to every safeguard in photomet- 
_ rie practice is not realized by those un- 
familiar with photometry, and as a re- 
sult many proposals of unequal merit 
have been published from time to time. 

The Subcommittee also failed, ar.i 
equally understandably, to point out 
that the two methods, being different cb 
initio, must evaluate different physical 
quantities, and moreover each must 
have its own set of shortcomings and ad- 
vantages. 

The Subcommittee was following his- 
torical precedent when it chose to de- 
scribe the collimated and the diffuse 
source methods, for the published pro- 
cedures have fallen naturally into the 
same two classes. These published 
methods are included here for their his- 
torical interest, and are further classi- 
fied according to whether the light is 


sent in the normal or counter direction 
through the lens: 


I. Collimated Source 


Normal Counter 
Silvertooth? Odencrants® 
Daily? Hrdlicka® 
Townsley‘ 

IT. Diffuse Source 
Normal Counter 
Lambert’? Berlant'* 
McRae* Murray 
Moffitt? 
Clarke & Laube!® 
Sachtleben"™ 
Gardner!? 
Back!* 


A balance sheet of the several advan- 
tages and disadvantages in principle and 
practice can be drawn up without dif- 
ficulty. After noting that the colli- 
mated methods in effect evaluate a 


quantity proportional to the diameter . 


of the entrance pupil of the objective, 
while the diffuse methods evaluate the 
flux on the image side of the lens, an 
unimportant distinction for most pur- 
poses, the two methods can be compared 
on their merits as procedures yielding 
the T-number defined by the Subcom- 
mittee. 


I. Collimated Source 
Advantages 


1. Focusing unnecessary 
2. Lens always correctly focused 
3. Little power required in source 


Shortcomings 
1. Knowledge of equivalent focal length of 
lens essential 

2. Requires different set of apertures for 
each focal length or calibrating 
means such as Townsley’s* 

. Theory more complex 

. Indirect measurement of T-number 

. Uniformity of collimated beam is 
troublesome to ensure; the effect of 
beam spread is difficult to evaluate 

6. Not directly adaptable to finite magni- 
fications 

. Entrance pupil diameter limited by 
collimator lens 


om 


80 January 1951 Journal of the SMPTE Vol. 56 


. 
4 
| 
| 


Ul. Diffuse Source 
Advantages 

1. Focal length knowledge unnecessary 

2. Adaptable to any magnification (with 
focal length known ) 

3. More fundamental and thus simpler in 
principle 

4. Maximum lens aperture unlimited 


Shortcomings 
1. Focusing essential 
2. Attainment of uniform source quite dif- 
ficult 
3. Light losses large—high sensitivity in 
detector or great power in source re- 
quired 


The criticisms are readily seen to be 
unequal in weight, numbers 3 and 4 
under the collimated source being minor 
objections in the theory, while 2 and 5 
can be overcome by careful engineering. 
The most serious of these shortcomings 
are perhaps 6 and 7, and in this order. 
It is no trick to measure the equivalent 
focal length accurately enough (1), but 
the limitations to lenses of a given di- 
ameter and always at a fixed magnifica- 
tion are real handicaps. The colli- 
mated source method demands that the 
collimator lens always be larger than the 
entrance pupil of the lens being tested, 
and this requires costly lenses in larger 
sizes. The author knows of no simple 
way of adapting this method to finite 
magnifications. 

The advantages of this method are all 
substantial: to have the lens under test 
automatically and securely focused un- 
deniably creates confidence, and the 
convenience of a light source whose 
power requirements are small is not to 
be denied. 

Except for the first, the shortcomings 
of the diffuse method are serious enough 
to demand the most careful engineering. 
Focusing is easy; it can be done by au- 
tocollimation or by the use of a tele- 
scope. It demands considerable engi- 
neering effort, however, to ensure an ex- 
tensive diffuse source whose uniformity 
is sufficient to meet the requirements, 


- aperture, sinusoidally in this equipment. 


and in addition sound design to attain 
useful sensitivity with reasonable power 
input into the lamphouse. 

Numerous methods of assuring uni- 
formity with diffusion have been pro- 
posed. Perhaps the best is the one 
proposed in the Subcommittee Report, 
using a sheet of direct-light shielded 
ground glass to cover the aperture in a 
matte white box. Even at best, how- 
ever, these lamphouses must be large, 
since it is necessary that the T-stop 
equivalent solid angle be filled with flux 
at all values. Fortunately the measure- 
ments are independent of the source dis- 
tance when the incident cone is filled. 

The advantages of this method coun- 
terbalance the disadvantages. It is 
clear that adaptability to all magnifica- 
tions and no restrictions on lens aper- 
ture together make up a strong argu- 
ment in its favor. 

These considerations seemed to us to 
be so cogent that when we designed the 
equipment to conform with the Subcom- 
mittee recommendations, we chose the 
more fundamental diffuse source pro- 
cedure. Our equipment was specified 
to be null reading, in order to remove all 
questions of photocell response linearity 
and as nearly as possible to compare un- 
known with standard aperture simulta- 
neously, in order to avoid any possibility 
of faulty mechanical or electrical mem- 
ory. 

Both objectives have been realized 
(Fig. 1) by providing two apertures into 
the integrating box which illuminates 
the detector photocell. These aper- 
tures are alternately opened and closed 
thirteen times per second, so that the 
same total area is free to the lamphouse 
at all times—first, all of one aperture, 
and as this closes, the other opens syn- 
chronously to completion. Thus when 
the flux incident on the two apertures is 

the same, there is a constant light level 
within the box. When, however, one 
aperture is blocked completely, the light 
level varies as the size of the uncovered 
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The two functions of the phototube 
and the electronic circuit are then to 
detect the state of light balance and to 
measure the degree of unbalance. Fig- 
ure 2 illustrates the principle of measure- 
ment, while Fig. 3 shows the schematic 
electric circuit. 

It is clear that balance comes about 
electrically when the amplitudes of the 
13-cycle signals arising from the two 
apertures are equal, for then, since they 


LAMPHOU SE 


OPAL GLASS 


\ 


/ 
\ / 
ws STANDARD 
\/ 
A 8 


INTEGRATING BOX 


PHOTOTUBE 


TO AMPLIFIER 
Fig. 1. Schematic optical layout. 


are phased 180° apart, the resultant sig- 
nal is constant. 

The dominant aperture in the general 
case will phase the light signal. To de- 
termine which aperture this is and to 
produce a deflection at light balance, an 
auxiliary bipolar generator is synchro- 
nized with one aperture, and the measur- 
ing circuit designed to evaluate the sum 
of the light and generator signals. By 
adjusting the circuit properly, the indi- 
eator can be placed at midscale with 
only the alternating component of the 
generator effective so that deflections to 
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Fig. 2. Principle of measurement. 
When A > B resultant mixed signal 
is > half seale 
When A = B resultant mixed signal 
is half seale 
When A < B resultant mixed signal 
is < half scale 
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Fig. 3. Schematic electrical circuit. 
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the right mean that one aperture domi- 
nates, and to the left, the other. 

Moreover, by the use of the auxiliary 
calibrating apertures it is possible to 
calibrate the meter in terms of T-num- 
bers between each two consecutive full 
stops, and thus interpolate between 
stops for measurement or calibration 
purposes. This eliminates the need for 
neutral density filters. 

A general view of the equipment is 
contained in Fig. 4, and Fig. 5 shows the 
front of the integrating box. The lens 
standard carries a scale and vernier, 
which make it useful for measurement at 
finite conjugates. This scale is indis- 
pensable for maintaining or checking on 
the calibrations and sensitivity. 

The T-stops are defined by apertures 
placed a fixed distance from the inte- 
grating box aperture and carried on a 
turret plate. These are duplicated in a 
loose set of apertures fitting into an 
adapter in the lens standard. 

The illumination at present is pro- 
vided by a large laanphouse containing 
three 500-w projection lamps. It is 
coated white inside, and the front face 
is a large sheet of flashed opal glass. 
The uniformity of luminance of the face 
just meets the specifications contained 
in the Subcommittee Report. Some 
other arrangement doubtless would be 
safer in future equipments. 

This particular calibration unit has 
proved to be quite handy in practice, 
more than adequately sensitive with the 
focal plane apertures for the 35-mm and 
8-mm frames, with the 1P22 photomul- 
tiplier tube and three accelerating po- 
tentials, and self-contained in that it 
calibrates itself with the help of the aux- 
iliary apertures and basic instrumental 
dimensions. 

The reproducibility of measurement 
at all stops is of the order of less than 
1%, and the accuracy certainly well 
within the allowed +7% in illuminance. 
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Discussion 

M. C. Townstey: Is your instrument 
primarily intended for calibrating aper- 
tures or measuring apertures? 

Mr. Murray: Actually, of course, the 
equipment does both. It was designed 
primarily to calibrate, but we picked up fa- 
cilities here and there in the course of the 
design of the equipment. We are more 


than pleased that it will serve both func- 
tions. 

Mr. Towns ey: It looked from the way 
it was laid out that it could do both and 
probably do them quite well. 

Mr. Murray: We have felt from the 
very beginning that calibration alone 
would not be sufficient. We wanted to be 
able from our own equipment, independ- 
ently of any other, or from fundamental 
geometry and mechanical construction, to 
determine that the calibration is done 
properly. 

Mr. Townstey: In calibration, I am 
thinking of starting with an unknown lens 
and marking a set of apertures in T-stops. 

Mr. Murray: We can do that very 
well for the standard apertures on the tur- 
ret plate. Their distance from the obscur- 
ing aperture in the lamphouse is known to 
around two tenths of one per cent. The 
diameter of each aperture has been meas- 
ured along at least four meridians, so that 
we know they are circular. Their edges 
have been specially treated to cut down re- 
flection. We put in what refinements we 
could see. 

Mr. Townstey: I rather hope for the 
future of the T-stop system that you will 
do a great deal of original calibration on 
customer lenses on that system—actually 
mark them in T-stops. 

Mr. Murray: I am authorized to say 
that this equipment will be used also for 
customer lens calibration. Our sales de- 
partment has just let me know that we 
are ready to undertake this sort of work. 
You personally might be interested to 
know that we have had the opportunity to 
look over some of your lenses, and we are 
very pleased to note that we agree very 
closely. 

This paper was prompted by some ques- 
tion as to whether one method is better 
than another. We must say “no.” 
There is no visible justification for setting 
up a standard around one particular de- 
vice or method. Any equipment is satis- 
factory as long as it conforms to physical 
principles and the requirements of sound 
engineering. 
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The Differential Carbon-Feed System 


for Projection Arc Lamps 


By Arthur J. Hatch 


There is a growing recognition of the fact that to obtain constant screen 
color and light intensity, the position of the positive carbon must be 


maintained automatically in relation to the projection lamphouse optical 
system. In the development and application of such a control feature, the 
requirements of carbon-feed systems have been reviewed. The differential 
carbon-feed system seems to meet these requirements, and considerations 
pertaining to the application of the differential feed system with automatic 


E CHALLENGE offered by present 
yee sereens, and the demand for 
higher picture brilliancies have led to 
the wide adoption of high-speed projec- 
tion lamphouse optics, and carbons 
with higher intrinsic brilliancy. 

With these the allowable tolerance in 
carbon crater position has been reduced 
by the use of the higher-speed lamp- 
house optics, while the difficulty of main- 
taining the arc crater at a given position 
has been increased by the high bright- 
ness carbons with their higher burning 
rates. These higher burning rates are 
unfortunately accompanied by greater 
fluctuations of burning rate with small 
current changes. These factors have 
made it desirable to incorporate auto- 
matic means in the carbon feed to main- 
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positioning to an angular trim burner will be related. 
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tain the position of the positive crater 
accurately to the lamphouse optical 
system. 

This problem of providing automatic 
positioning to the positive crater of 
high-intensity projection arc lamps has 
necessitated a review of the require- 
ments for carbon feeds, as such a posi- 
tioning control cannot be conveniently 
or effectively inserted into the type of 
feed mechanisms in general use at pres- 
ent. Accordingly, to utilize an auto- 
matic positioning device it has been 
necessary to develop a new carbon-feed 
system. 

To anyone not especially acquainted 
with operation or design of projection 
are lamps, the feeding of the carbons 
would seem a very simple matter that 
could readily be solved by merely ar- 
ranging a motor drive to both carbons. 
However, as it is with so many other 
seemingly simple problems, this subject 
is not altogether simple when the com- 
plete requirements are known. 
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Requirements of Carbon-Feed 
System 

We find that the principal end results 
desired are uniform and constant inten- 
sity of screen illumination with constant 
color temperature. These results should 
be obtained through a carbon-feed sys- 
tem that has simple control adjust- 
ments and which is capable of self-com- 
pensation for changes in the variables, 
without attention from the projection- 
ist. 
Upon examining these requirements 
for a feed system, we find that the major 
electrical controlling factor necessary to 
obtain constant screen illumination, 
with a given carbon trim, is constant arc 
amperage.' With proper arc circuit bal- 
last, the arc amperage will assume a 
value such that the sum of the positive 
and negative carbon-burning rates, at 
that are current, equals the sum of the 
positive and negative feed rates. Then 
assuming for the moment that the car- 
bon-burning rates are constant for a 
given current, it will be readily seen 
that a constant total feed rate will pro- 
vide most even illumination. 

Therefore, a very simple carbon-feed 
mechanism could be constructed which 
would advance the relative positions of 
the carbon holders one to the other at 
the constant rate necessary to maintain 
the desired current. 

The negative carbon could stand still 
and the positive carbon could be ad- 
vanced at a rate equal to the total burn- 
ing rate of both carbons; or the positive 
could stand still and the negative could 
advance at the total rate. Any number 
of positive and negative feed ratios 
could be used as long as the combined 
feed added to the figure desired for total 
feed. 

This simple feed, however, would not 
take into account the fact that to utilize 
the illumination from the carbon arc 
for projection, the positive crater must 
be kept at the exact entrance focal posi- 
tion of the lamphouse optical system. 
It is, therefore, necessary to make provi- 


sion to divide the total feed into posi- 
tive and negative feeds, in a proportion 
exactly equal to the positive and nega- 
tive burning rates at the particular cur- 
rent desired, in order to maintain the 
position of the positive crater to the op- 
tical system. 

This division of the total feed into its 
components needs to be flexible, unless 
the lamp is to be burned at a single cur- 
rent, as the ratio between positive and 
negative burning rates varies consider- 
ably through the current range of the 
carbons.? 

The operation of this ratio-fixing con- 
trol should not affect the sum total feed 
rate of the positive and negative car- 
bons. For this reason a ratio-changing 
system is necessary in which, if the 
negative feed is slowed down, the posi- 
tive feed is increased simultaneously so 
that total carbon feed and constant 
current are maintained. 


An Ideal Feed System 


From the foregoing it is easy to draw 
a conclusion that an ideal feed system 
would be one in which one control deter- 
mined the total feed and the other con- 
trol determined the ratio between posi- 
tive and negative feeds. With a system 
of this type, the total feed control could 
be set for the desired amperage and the 
ratio control adjusted until the feed 
ratio matched the burning ratio. This 
second adjustment would not affect the 
feed-control setting. 

Thus, for example, with a 7-mm nega- 
tive and 8-mm positive copper-coated 
high-intensity trim the total burning 
rate for both carbons at 70 amp is ap- 
proximately 20 in./hr. The current 
selector would be set to produce this 
total rate of feed. Then the ratio con- 
trol would be adjusted, until the posi- 
tion of the burning tip of the positive 
carbon in relation to the optical system 
was correct and its relative movement 
reduced to zero. It thus might be found 
necessary to adjust the ratio control 
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setting so that the negative feeds 4 in./ 
hr, and the positive, 16 in./hr, or the 
negative might be fed 444 in ./hr, and the 
positive, 1534 in./hr. In either case 
the total feed would remain at 20 in./hr. 
and the are current at 70 amp. 

This ideal feed system is analogous 
to that of a mechanical differential sys- 
tem, a common type of which is found 
in the rear drive of automobiles. Here 


Fig. 1. Carbon position-detecting op- 
tical system showing prism lens and 
bimetallic switch. 


the speed of the torque tube drive shaft 
is analogous to the total feed of both 
carbons. The sum of the drive of the 
two rear axles is a constant for constant- 
torque tube drive and the ratio between 
axles can be varied by restraining one 
wheel in which case the other wheel 
turns faster. 

A practical embodiment of this ideal 
feeding system can be realized with the 
use of a two-motor drive. One motor, 
which is the feed motor, drives both 
carbons through a differential gear drive. 
The second, or rate-control motor, is 
connected preferably in the negative 
drive. The resultant difference in drive 
between the feed motor and the rate- 
control motor is transmitted to the 
positive carbon feed. Gear ratios are 
chosen so that the resultant total feed 
of both carbons is, at all ratios, a con- 
stant as determined by the speed of the 
main drive. 


Fig. 2. General view of differential feed burner from operating side 
showing positive and negative feeds and the single adjustment control. 
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Need for Automatic Positioning 


This feeding system and almost all 
present arc feeding systems make an 
assumption that there will be little or no 
variation in are gap length, carbon- 
burning rate or power supply voltage. 
However, in practical experience these 
ideal conditions are seldom satisfied. 

Variations in carbon-burning rates 
and ratios at a given current, of course, 
directly reflect a change of position of 
the arc with respect to the lamphouse 
optical system. Arc-gap lengths at 
identical currents and even with con- 
stant applied arc voltage will vary from 
trim to trim and even within a trim. 
With constant are current, the depend- 
ent variable that compensates for 
variation in are supply voltage is the 
are-gap length. As the positive carbon 
has the highest burning rate (being ap- 
proximately 2 to 8 times that of the 
negative carbon), the major adjustment 
in position for variations in are-gap 
length occurs in the position of the posi- 
tive carbon. Thus, variations of are 


voltage or gap length directly affect the 


position of the positive crater in relation 
to the optical system. 
Therefore, to adopt the ideal carbon- 


feed system to these practical considera- 
tions, there must be introduced an ele- 
ment that will maintain the positive 
crater at the optical focal point regard- 
less of variation in are gap or burning 
rate. 

It is, therefore, practical to introduce 
a carbon crater position-detecting and 
ratio control-actuating mechanism into 
this system to accomplish thisend. The 


N 


BIMETALLIC 
SWITCH 


ARC CURRENT 
SELECTOR 


MOTOR NEG MOTOR _ 


Fig. 3. Simplified arc control 
circuit diagram. 


Fig. 4. General view of burner from nonoperating side showing 
motors and bimetallic switch behind left motor. 
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bimetallic element with its ruggedness 
and simplicity seems to be most practi- 
cal for this position detector.* 

This bimetal] switch is simply arranged 
to shunt out a series resistance in the 
ratio-motor field circuit. With all re- 
sistance shunted out, the ratio motor 
runs at a speed such that the negative 
carbon is fed at a rate below its burning 
rate, and the positive is fed at a rate 
above its burning rate. When the re- 
sistance is inserted by action of the bi- 
metal switch, the negative is fed at a 
rate above, and the positive at a rate 
below its burning rate. 

Total rate of feed at any selected 
amperage is obtained from the main- 
drive motor, and the position of the posi- 
tive carbon is accurately maintained 
with the controlled variation of the 
ratio motor. 


Angle-Trim Lamp-Feed 
Considerations 

With the use of angle-trim lamps, the 
general considerations for constant il- 
lumination remain the same with the ex- 
ception that to maintain this even il- 
lumination, the feed rate of the negative 
has to be corrected for its angular direc- 
tion before it can be added to the posi- 
tive to obtain the value for combined 
total feed. 

It has been confirmed by experiment 
that, within a reasonable limit of move- 
ment, if the positive carbon is underfed 
a certain amount, X, an overfeed of the 
negative equal in amount to X cosine 
a will maintain constant are current, 
where a is the depression angle of the 
negative in relation to the positive. 

Taking advantage of the uniform and 
predictable speed characteristics of the 
d-c shunt motor, it is possible to design 
an electrical differential motor feed cir- 
cuit whereby the use of the mechanical 
differential is eliminated. With this 
arrangement, each carbon is driven by a 
separate motor. Such a system, with- 
out an automatic position-control 
switch, would contain two controls, each 


consisting of two rheostats connected in 
mechanical tandem. Each of the rheo- 
stats in the total feed-rate control would 
be connected in the field circuit of its 
respective motor, and the resistance 
values arranged so that the carbon-feed 
speeds were changed approximately in 
their correct values throughout the 
entire current range of the carbons. 

The ratio-control rheostats would be 
connected in the two-motor field circuits 
in such a manner that as the ratio con- 
trol was advanced, the positive feed 
motor would be slowed and the negative 
feed motor would be speeded the correct 
amount to maintain the same current 
in the lamphouse. 

For automatic positioning, the bi- 
metallic element would be arranged to 
shunt in and out portions of this ratio- 
control rheostat. The general optical 
arrangement for projecting the energy 
image of the positive carbon and flame 
to the bimetallic switch is shown in Fig. 
1. The 90° prism with a lens ground in 
one face is used to direct the side view 
of the arc to the glass-enclosed bimetallic 
switch. 


Single-Feed Control 

It is possible to obtain d-c shunt 
motors with speed characteristics such 
that as the arc voltage is raised, con- 
sistent with higher are currents, the 
negative feed motor will increase in 
speed approximately the right amount to 
compensate for the increased negative 
burning rate. 

This fact, in conjunction with the use 
of a fairly large speed differential on 
both motors, controlled by means of the 
position-sensitive device, has enabled 
considerable simplification of the con- 
trol circuit. 

The net result has been the develop- 
ment of a circuit in which complete 
control of both carbon feeds throughout 
their entire amperage range has been 
accomplished with but a single lamp- 
house feed-control adjustment. This 
control is in the form of a single rheo- 
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Fig. 5. (a) The are burning with no 
air supplied from jet showing the 
characteristic long-tail flame reaching 
toward the optical system. 


stat which is provided with a pointer 
and a scale indicating are amperages. 
The general arrangement of components 
of a burner incorporating this two- 
motor, single-control feed system as 
viewed from the operating side is 
shown in Fig. 2. A simplified wiring 
diagram of this system is shown in Fig. 
3. 

The rheostat is connected in the posi- 
tive feed motor field circuit and has a 
value sufficient to control the feed of the 
positive carbon through a range of from 
14 to 32 in./hr. 

The bimetallic switch is connected in 
such a manner that in its open position, 
a resistor is inserted in the positive field, 
and a resistance is shunted out in the 
negative field, thus speeding the positive 
and simultaneously slowing the nega- 


Fig. 5. (b) The burning arc showing 
how the application of air from the 
jet shortens and redirects the flame. 


tive. When the bimetallic switch is 
closed by reason of the positive carbon 
position being slightly too near the opti- 
cal system, the resistor in the positive 
field circuit is shunted, and the resistor 
is simultaneously inserted in the nega- 
tive field circuit, thus slowing the posi- 
tive and speeding the negative. 

The positive motor will change speed 
sufficiently with this cycling to change 
the feed rate by approximately 4 in./hr 
from fast to slow rate. With the nega- 
tive carbon being depressed at an angle 
of 52°, its feed rate is arranged to change 
4 X cos 52°, or approximately 2.5 in./ 
hr from fast to slow. 

When the are current selector rheo- 
stat is set at the desired current, the 
positive motor assumes a speed, such 
that the average speed between high- 
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and low-cycle speeds is equal to the 
average burning rate of the positive car- 
bon at the selected current. 

If the are current at a particular in- 
stant is slightly less than the selected 
current, the positive burning rate will be 
slightly lower than the average positive 
feed rate. Consequently, the are posi- 
tion-control switch will remain in the 
low-speed positive feed position longer 
at a time, than in the high-speed posi- 
tive feed position. This will cause the 
negative to be fed at a greater average 
rate than it is being consumed, thereby 
shortening the are gap, and raising the 
current, until an equilibrium condition 
is reached, at which the average nega- 
tive and positive burning rates equal 
the average feed rates. This will be 
realized at approximately a 50% division 
of time on high and low speeds. 

If the are current, and consequently 
the positive burning rate is higher than 
the selected rate, the are pos:tion-control 
switch will remain in the high-speed 
position longer at a time than in the low- 
speed position. This will cause the 
negative to be fed at a lower than aver- 
age rate, thereby lengthening the arc 
gap until equilibrium is reached. 

Slow changes in power supply voltage 
are compensated for by the automatic 
resulting change in arc-gap length, but 
with the continual maintenance of the 
positive crater at the required position. 


Miscellaneous Features 


Secondary considerations in connec- 
tion with the realization of the two- 
motor automatic positioning drive in- 
clude the provision of centrifugal fans 
on each of the motors (see Fig. 4). These 
fans exhaust into the burner base en- 
closure from where the air is directed 
up through the rotating positive feed 
head, and against the negative feed 
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head, thereby keeping these parts at low 
operating temperatures. 

Immediately above and parallel to the 
negative carbon is located a jet tube 
which directs a stream of air at the arc 
tail flame immediately above the crater. 

This device has several useful func- 
tions in that it shortens and redirects the 
tail flame away from the reflector, as 
shown in Fig. 5. The white ash product 
of combustion of the are is blown away 
from the reflector thereby eliminating 
deposit on the reflector and the conse- 
quent breakage caused by heat differen- 
tials. 

Another benefit derived from the air 
jet is that it supplies enough additional 
air to the vicinity of the are that upon 
striking the arc, the soot particles 
are consumed instead of being released 
to the reflector surface, or lamp-house 
interior. 

Finally, the air jet causes the blend- 
ing of the negative and positive flames 
and results in excellent stabilization of 
the are without the use of an auxiliary 
magnetic field. Thus, with the embodi- 
ment of the differential concept of car- 
bon feed which was developed for the 
purpose of obtaining uniform feed in 
conjunction with automatic positioning 
of the positive crater, it is possible to 
stabilize the burning of the arc and keep 
the products of combustion from the 
lamphouse optical system. 
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Bibliography 
on High-Speed Photography 


Including Schlieren and Cathode-Ray Oscillograph Photography 


Oscillography 
Technical and Techniques. . 


This bibliography was compiled by Miss Elsie Garvin, Librarian, Re- 
search Library, Eastman Kodak Co., Rochester, N.Y., and was recom- 
mended for publication in the Journal by the Society’s High-Speed Pho- 
tography Committee. Those who reviewed the 600 items suggested that 
they be arranged by subject and that certain entries be expanded by anno- 
tation. John H. Waddell, Chairman of the Committee, undertook the job 
of classification; many more items were added, dating up to July, 1950; 
and manuscript was released on December 7, 1950, for publication. 

The Society has previously published two reprint volumes on high-speed 
photography and this bibliography will be the last item in Vol. 3 which 
will include also those papers on the subject which appeared in the Journal 
during 1950. 

To expand its usefulness the third volume will include a cumulative table 
of contents showing the titles and authors of all papers in Vols. 1 through 
3. It will cover all articles on the subject which appeared in the Journal 
beginning with the special issue, Part IT of the March, 1949, Journal. 
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I. 


L’Ultra-cinéma, P. Nogtes, Cinémat. frang., 
9: 29-32, Apr. 30, 1927. 

Der Zeitdehner, sein Bau und seine Anwend- 
ung, R. Thun, Kinotechnik, 10: 119-26, 
Mar. 5, 1928. (General discussion of in- 
struments working between limits of 100— 
1,000,000 per sec.) 

Rapidkameras, Lichtbildbiihne, 21: 16-19, 
Nov. 3, 1928. (Historical.) 

Kinematographie auf ruhendem Film und 
mit extrem hoher Bildfrequenz, C. Cranz 
and H. Schardin, Zeit. Physik, 56: 147-83, 
#3/4, 1929. (1/10 to 1/3 millionth of a 
sec.) 

Theorie der Thunschen Zeitdehners und ihre 
Anwendung in der Augnahmepraxis, W. 
Ende, Zeit. tech. Physik, 11: 394-402, #10, 
1930. 

Premiére Essais de Cinématographie Ultra- 
rapide, A. Magnan, Hermann et Cie, 
Paris, 1932. (History.) 

Kinematographische und photographische 
Untersuchungsmethoden schnell verlau- 
fender Vergiinge, F. Beck. Ber. Int. Kong. 
Phot. Dresden, 1931, 261-65, 1932. 


High-Speed Motion Pictures, H. E. Edgerton, 
Elec. Eng., 54: 149-53, Feb. 1935. 

Speed Photography, New Photo-Miniature 
(old series #206), New series #1, 1-32, 
1935. 

High-Speed Photography, H. E. Edgerton, 
K. J. Germeshausen and H. E. Grier, 
Phot. J., 76: 198-204, Apr. 1936. 

Sound Waves—Their Shape and Sound, D. C- 
Miller, Macmillan, New York, 1937. 
(Contains a chapter on Electric-Spark Photo- 
graphy of Sound Waves.) 

Entwicklung der Hochfrequenzkinemato- 
graphie, F. E. von Eckard, Filmtechnik, 13: 
121-23, July 6, 1937. 

High-Speed Photographic Methods of Meas- 
urement, H. E. Edgerton, K. J. Germes- 
hausen and H. E. Grier, J. Appl. Phys., 8: 
2-9, Jan. 1937. 

Flash! Seeing the Unseen by Ultra High-speed 
Photography, H. E. Edgerton and J. R. 
Killian, Jr., Hale, Cushman and Flint, 
Boston, 1939. (Bibliography.) 

Tampering with Time, Gjon Mili, Photo 
Technique, 1: 4-9, Aug. 1939. 

Action Photography, G. Denes, Fountain 
Press, London, 1940. 

Photographische Messtechnik, L. Fink, R. 
Oldenbourg, Munchen, 1940. 

Photographing Action, V. De Palma, Ziff- 
Davis, Chicago 1940. 

High-Speed Photography, C. Tuttle and F. 
Brown, Complete Photog., 5: 1965-68, 
Issue 30, 1942; 6: 1969-74, Issue 31. 
1942. 


GENERAL 


High-Speed Flash Photography, H. L. 
Westrate, Intern. Phot., 14: 4-5, Sept. 
1942. 

Photographic Analysis of Motion, E. R. 
Davies, Nature, 152: 261-64, Sept. 4, 
1943. 

High-Speed Photography. A Monograph, L. 
Wells, Australasian Photo-Rev., 61: 317-23. 
25, Oct. 1944. 

Photography in Engineering, C. H. Tupholme, 
Faber and Hyperion Ltd., London, 1945. 
(Chapter called ‘‘High-Speed Photography,” 
pp. 99-131.) 

The Scientist in Wartime, E. Appleton, 
Engineer, 180: 432-33, Nov. 30, 1945. 

Speed Camera. The Amateur Photography of 
Motor Racing, E. S. Tompkins, G. T. 
Foulis, London, 1946. 

High-Speed Motion Picture Photography, 
H. M. Lester, J. Biol. Phot. Assoc., 14: 
107-18, Mar. 1946. 

High-Speed Photography, (Alpha Photo 
Lab), The Cinema: 45, Apr. 3, 1946. 

Photographic Aspects of High-Speed Re- 
cording, W. F. Berg, Phot. J., 86B: 154-58, 
Nov. 1946. 

Flash in Modern Photography, William 
Mortensen and D. M. Paul, Camera Craft, 
San Francisco, 1947. 

Flash Photography, Gordon Parks, Franklin 
Watts, New York, 1947. 

Synchronized Flashlight Photography, G. L. 
Wakefield and N. W. Smith, Fountain 
Press, London, 2nd ed., 1947. 

Symposium on High-Speed Photography, 
Brit. J. Phot., 94: 44, Jan. 24, 1947. 

The Past, Present and Future of High-Speed 
Photography, H. E. Edgerton, PSA Jour., 
13: 437-38, July 1947. 

Graphic Grafler Photography, Willard D. 
Morgan and H. M. Lester, Morgan and 
Lester, New York, 8th ed., 1948. 

Le cinéma scientifique francaise, P. Théven- 
ard and G. Rassel, La Jeune Parque, Paris, 
1948. (Etude analytique des mouvements 
rapides, pp. 3-39; historical, high-speed and 
very high-speed.) 

“Strobe” the Lively Light, H. Luray, Camera 
Craft, San Francisco, 1949. 

What is High-Speed Photography, M. L. 
Sandell, Jour. SMPE, 52: 5-7, Mar. Pt. 2, 
1949. 

A Photographic Study of Rapid Events, W. D. 
Chesterman. (Book in preparation for 
Oxford University Press.) 

Photographic Instantanée et Cinématographie 
Ultra-Rapide, P. Fayolle and P. Naslin, 
Editions de la Revue d’Optique, Paris, 1950. 

A Survey of High-Speed Motion Picture 
Photography, K. Shaftan, Jour. SMPTE, 
54: 603-26, May 1950. 
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1,000,000 Pictures per Minute, C. F. Jenkins, 
Trans. SMPE, No. 13: 69-73, 1921. 

Analysis of Motion, C. P. Watson, Trans. 
SMPE, No. 13: 65-58, 1921. (Novograph 
high-speed motion picture camera. 125-160 
pictures per sec.) 

Motion Picture Camera Taking 3,200 Pic- 
tures per Second, C. F. Jenkins, Trans. 
SMPE, No. 17: 77-78, 1923. 

The Heape and Grylls Camera, C. N. Ben- 
nett, Kinemat. Weekly, 87: 76, May 15, 
1924. 

A Camera for Studying Projectiles in Flight, 
H. L. Curtis, W. H. Wadleigh and A. H. 
Sellman, Tech. Papers Bur. Stand., #255, 
18: 189-202, 1924. 

Die Lyta-Spiegelreflex-Kamera mit Hoch- 
frequenzeinrichtung, O. C. Tauern, Kino- 
technisches Jahrbuch, 55-59, 1925-26. 

The Jenkins Chronoteine Camera for High- 
Speed Motion Studies, C. Jenkins, Trans. 
SMPE., 10: 25-30, #25, May 1926. 

The Heape and Grylls’ Machine for High- 
Speed Photography, W. H. Connell, J. 
Sci. Instr., 4: 82-87, Dec. 1926. 

Askania-Hochfrequenz-Modell 27, H. Friess 
Filmtechnik, 3: 62-64, Feb. 19, 1927. 

Der Thun’sche Zeitdehner. Model NSOKT 
3, A. v. Barsy, Kinotechnik, 9: 348-52, 
July 5, 1927. 

Appareil & grande vitesse Gaumont pour 
prise de vues cinématographiques, Etab- 
lisements Gaumont, Bull. soc. fran¢. phot., 
(3) 14: 204-7, July 1927. 

A Novel High-Speed Camera, E. B. Wed- 
more, J. Sci. Instr., 4: 345-47, Aug. 1927. 
(A variation of Heape and Grylls’ high-speed 
camera.) 

Ein Report-Apparat, Filmtechnik 3: 314-15, 
Aug. 20, 1927. (Gaumont camera, 150 ex- 
posures per sec., works forward or back- 

ward.) 

Fin Rapidkamera vom Jahre 1897, A. Las- 
sally, Kinotechnik, 9: 588-95, Nov. 20, 
1927. (100 pictures per sec.) 

Die Anwendung des Zeitdehners beim Stu- 
dium von Kavitations-erscheinungen, H. 
Mueller, Kinotechnik, 10: 462-65, Sept. 5. 
1928. (75,000 exposures per sec.) 

A New  Ultra-Speed Kinematographic 
Camera Taking 40,000 Photographs per 
Second, T. Suhara, Proc. Imperial Acad. 
Japan, 5: 334, Oct. 1929. 

Der Thun’sche Zeitdehner des Institutes 
fur Kleinzeitforschung, Kinotechnik, 11: 
145-47, Mar. 20, 1929. (Thun’s camera, 8 
to 10 meters of film per sec. or 4000 pictures 
per sec. with exposures as short as 1 /75,000 
per sec.) 


CAMERAS 


The Fearless High-Speed Camera Movement, 
Intern. Phot., 1: 41, Oct. 1929. 

Die Neue Zeitlupe, H. Joac) Filmtechnik, 
6: 10, Jan. 11, 1930. (Ze.ss Ikon improve- 
ment of old Ernemann camera.) 

Photographing Sound, C. Neblette, Photo 
Era, 64: 160-63, #8, 1930. (Foley’s ap- 
paratus for spark photography is illus- 
trated.) 

New Ultra-Speed Kinematographic Camera 
Taking 40,000 Photographs per Second, T. 
Suhara, N. Sato and S. Kamei, Report of 
the Tokyo University Aeronaut. Research 
Inst., #60, May 1930. (Translated by P. 
Schrott from above as: Eine neue Hochfre- 
quenz-Kino-Kamera fiir 40,000 Biider je 
Sekunde. Kinotechnik, 12: 495-97, Sept. 
20, 19380.) 


Electrooptical Shutter—Its Theory and 
Technique, F. G. Dunnington, Phys. Rev., 
38: 1506-34, Oct. 15, 1931. 

High-Frequency Camera for the Study of 
Electrical Discharges, Photo Era, 67: 102, 
Aug. 1931. (Twenty-two matched lenses 
focused on an 8 X 11 in. plate or cut film 
holder. Finally arranged for stereoscopic 
effects.) 


Moreno-Snyder Camera Makes High Speed 
for Trick Shot, Amer. Cinemat., 12: 43, 
Sept. 1931. (1440 feet per minute with non- 
intermittent camera.) 

Latest Newman-Sinclair Auto-Kine Models, 
Kinemat. Weekly, 178: 38-39, Dec. 17, 
1931. (10 to 24 frames per sec.) 

Cinématographie jusqu’a 12,000 Vues per 
Second, A. Magnan, Hermann et Cie, 
Paris, 1932. 

Stroboscopic and Slow-Motion Pictures by 
Means of Intermittent Light, H. E. 
Edgerton, Jour. SMPE, 18: 356-64, Mar. 
1932. 


The Problem of Motion Picture Projection 
from Continuously Moving Film, F. E. 
Tuttle and C. D. Reid, Jour. SMPE, 20: 
3-30, Jan. 1933. 

Théodolite cinématographique aA grande 
vitesse Debrie, Rev. d'Optique, 12: 222-25, 
May 1933. 


A Non-Intermittent High-Speed 16-mm 
Camera, F. E. Tuttle, Jour. SMPE, 21: 
474-77, Dec. 1933. 

Stroboscopic Light High-Speed Motion 
Pictures, H. E. Edgerton and K. J. Ger- 
meshausen, Jour. SMPE, 23: 284-98, Nov. 
1934; Trans. Amer. Inst. Chem. Eng., 30: 
420-37, 1934. 


Zeiss Ikon High-Frequency Camera, Brit. J. 
Phot., 82: 617-18, Sept. 27, 1935. 
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Uber den Verdampfungsvorgang nach kine- 
matographischen Aufnahmen an Dampf- 
blasen, W. Fritz and W. Ende, Physik, Zeit. 
87: 391-401, #11, 1936. (Modification of 
Thun's high-speed camera; process of evap- 
oration shown by cinematograph pictures of 
bubbles of steam.) 

Le cinéma scientifique en France et ses 
réalisations techniques, P. Michaut, Tech. 
cinémat., 8: 757-58, Oct. 1936. (J. Pain- 
leve’s stop-motion picture camera for color 
cinematography.) 

100 Bilder /Sek. mit Achterfilm!, Film fir 
Alle, 10: 140-41, May 1936. (The new 
Cine-Nizo 8ZD 8-mm camera taking up to 
100 frames per sec.) 

Photographic ‘Judge’ at the Olympic 
Games, Brit. J. Phot., 83: 688-89, Oct. 30, 
1936. (Zeiss-Ikon duplicate stereocinemato- 
graph apparatus.) 

Photographic Race-Timing Equipment, F. 
E. Tuttle and C. H. Green, Jour. SMPE, 
27: 529-36, Nov. 1936. 

Studying High-Speed Operations: New 
Camera to Take 2,000 Exposures a Second, 
Ind. Eng. Chem. News ed., 14: 474, Dec. 
10, 1936. (Motion picture camera with 
quartz lenses.) 

A Rotating Drum Camera for Photographing 
Transient Phenomena, R. Lambert, Rev. 
Sci. Instr., 8: 13-15, Jan. 1937. 

Drum Camera for Recording Transient 
Electrical Phenomena, F. E. Lutrin, J. 
Sci. Instr., 14: 209-12, June 1937. 


Six Thousand Images a Second Can Be 
Taken with This Camera, Photography, 5: 
47, Feb. 1937. (8-Mm motion picture 
camera developed in France by Merlin and 
Gerin built to take 6000 images per sec.) 

Der Zeitdehner der Technik fir 80,000 bis 16 
Aufnahmen in der Sekunde, Phot. Ind., 35: 
391-94, Mar. 31, 1937. (German A.E.G. 
camera 16 to 80,000 images per sec.) 


High-Speed Motion Picture Photography 
Applied to Design of Telephone Apparatus, 
W. Herriott, Jour. SMPE, 30: 30-37, Jan. 
1938. 

8-Mm. Ultra-Rapid Camera, Kinemat. 
Weekly, 262: 36, Dec. 15, 1938. (Merlin 
Gerin’s camera.) 

Vinten High-Speed Camera, D. H. Geary, 
Phot. J., 79: 291-92, Apr. 1939. 

Der neue Askania Zeitraffer, A. Jotzoff, 
Kinotechnik, 22: 15-17, Feb. 1940; ef. 
Askania bringt neuen Universal Zeit- 
raffer, H. Linke, Filmtechnik, 16: 61-62, 
May /June 1940. 

A 120,000 Exposure-per-Second Camera, D. 
C. Prince and W. K. Rankin, Gen. Elec. 
Rev., 42: 391-93, Sept. 1939. 


Cameras for Lightning Studies, C. J. Kettler, 
Photo Technique, 2: 38-43, May 1940. 

A Concise Report on a High-Speed Camera 
for Simultaneous Photographic and Oscil- 
lographic Records, H. W. Baxter, J. Sci. 
Instr., 19: 183-84, Dec. 1942. 

Fastax: Ultra-High-Speed Motion Picture 
Camera, H. J. Smith, Bell Lab. Record, 22: 
1-4, Sept. 1943. 

Study of High Explosives by High-Speed 
Photography, R. W. Cairns, Ind. Eng. 
Chem., 36: 79-85, Jan. 1944. 

High-Speed Cinematograph Camera, P. 8S. 
H. Henry, J. Sci. Instr., 21: 135-41, Aug. 
1944. 


The Eastman High-Speed Camera, Type 
III, J. L. Boon, Jour. SMPE, 43: 321-26, 
Nov. 1944. 

High-Speed Cameras, E. D. Eyles, J. Brit. 
Kinemat. Soc., 7: 84-91, July-Sept. 1944; 
Amer. Cinemat., 25: 372-73, 380, 392, 
Nov. 1944. 

The Ribbon-Frame Camera (High-Speed 
Still Camera), F. Reck, Bell Lab. Record, 
23: 40-45, Feb. 1945. 

Sur un cinématographie rapide pour pellicule 
de 9 mm de large donnant de 1500 & 2000 
images par seconde, A. Magnan, Compt. 
rend., 200: 804-5, Mar. 4, 1945. 

New Photoelectric-Grid Shutter Perfects 
Night Aerial Photography, Phot. Trade 
News, 9: 28-29, May 1945. (1/500 sec.) 

The High-Speed Motion Picture Camera, H. 
J. Smith, Commercial Phot., 20: 248-51, 
May; 281-84, 285, June 1945. 

8000 Pictures per Second, H. J. Smith, Jour. 
SMPE, 45: 171-83, Sept. 1945. 

Two-Channel Ballistics Camera, N. E. 
Alexander, Office of Technical Services, P.B. 
L 58,200, Dec. 1945. 

Robatron Camera, A. Busch, Pop. Phot., 18: 
110, 112, #2, Feb. 1946. 

A Wide-Angle 35-Mm High-Speed Motion- 
Picture Camera, J. H. Waddell, Jour. 
SMPE, 46: 87-102, Feb. 1946; cf. Bell 
Lab. Record, 24: 139-44, Apr. 1946. 

The Scophony High-Speed Camera, Phot. J., 
86B: 42-46, #2, Mar.—Apr. 1946. 

High-Speed Camera, K. M. Baird, Can. J. 
Research, 24A: 41-45, July 1946. 

Wartime Camera Turns Civilian, M. Royer, 
Pop. Phot., 19: 82, 84, July 1946. (Fair- 
child K-25 Sequence camera.) 

High-Speed Camera, C. D. Miller, Mech. 
Eng., 68: 903, Oct. 1946. 

Optical Problems of the Image Formation in 
High-Speed Motion Picture Cameras, J. 
Kudar, Jour. SMPE, 47: 400-2, Nov. 
1946. 
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Pictures of the Invisible—New Machine 
Takes Super-Speed Photos, U. S. Camera, 
9: 32, #10, Nov. 1946. 

Fastax High-Speed Camera: 4000 Pictures 
a Second, Amer. Cinemat., 28: 7,22, Jan. 
1947. 

New 16-Mm Professional Camera, F. F. 
Baker, Jour. SMPE, 48: 157-61, Feb. 
1947. 

The Marley High-Speed Camera, R. H. 
Bomback, Photography (New Series), 2: 
28, 32, May-June 1947. 

Photography at Five Million Frames per 
Second, B. O’Brien, Elec. Eng., 67: 157, 
Feb. 1948. 

U. 8S. Navy Magnified Time: Special High- 
Speed Cameras, Product Eng., 19: 147-48, 
Aug. 1948; ef. Electronics, 21: 164-66, 
July 1948. (Zarem camera, 400,000 frames 
per sec.) 


40,000 Frames per Second, C. D. Miller, - 


PSA Jour., 14: 669-74, Nov. 1948. (De- 
tailed illustrations of the camera.) 

Child Photography, the Modern Way, J. 
Schneider, The Camera Mag., Baltimore, 
Md., 1949. 

Motion Picture Photography at Ten Million 
Frames per Second, B. O’Brien and G. 
Milne, Jour. SMPE, 62: 30-41, Jan. 
1949. 

Motion Picture Equipment for Very High- 
Speed Photography, B. O’Brien and G. G. 
Milne, Jour. SMPE, 52: 42-48, Mar. Pt. 2, 
1949. 

Lenses for High-Speed Motion Picture 
Cameras, A. A. Cook, Jour. SMPE, 6&2: 
110-15, Mar. Pt. 2, 1949. 

The Research Camera Greatly Extends 
Man’s Vision. 288,000 Frames a Minute, 
Phot. Age, 4: 15-16, 19, June 1949. 

New High-Speed Camera, International 
Phot., 21: 18-19, Aug. 1949. 


Sur la cinématographie ultrarapide, H. 
Abraham, E. Bloch and L. Bloch, Compt. 
rend., 169: 1031-33, Dec. 1, 1919. (Bull’s 
oscillating spark light source.) 

Lighting for Color Photography, Gjon Mili, 
J. Phot. Soc. Amer., 4: 11-13, Summer 
1938. 

Speedlamp, M. L. Sandell, Complete Phot., 9: 
3281-88, Issue 51, 1943. 

10-Millionths-Second Exposures -Used to 
Photograph Water Spray, Phot. Trade 
News, 7: 19, Mar. 1943; cf. Westinghouse 
Eng., 3: 50, May 1943. (1/10,000,000 of a 
sec. high-intensity flash from a 5500-0 spark 
gap.) 


High-Speed Recording by a Rotating-Mirror 
Method, J. D. Owen and R. M. Davies, 
Nature, 164: 752, Oct. 29, 1949. 

High-Speed Motion Pictures by Multiple- 
Aperture Focal-Plane Scanners, F. E. 
Tuttle, Jour. SMPE, 58: 451-61, Nov. 
1949. 

Improvements in High-Speed Motion Pic- 
tures by Multiple-Aperture Focal-Plane 
Scanners, F. E. Tuttle, Jour. SMPE, 6538: 
462-68, Nov. 1949. 

Twenty-Lens High-Speed Camera, C. W. 
Wyckoff, Jour. SMPE, 53: 469-78, Nov. 
1949. 

Half-Million Stationary Images per Second 
With Refocused Revolving Beams, C. D. 
Miller, Jour. SMPE, 58: 479-88, Nov. 
1949. 

Very High-Speed Drum-Type Camera, K. 
M. Baird and D.S. L. Durie, Jour. SMPE, 
58: 489-95, Nov. 1949. 

Design of Rotating Prisms for High-Speed 
Cameras, J. H. Waddell, Jour. SMPE, 58: 
496-501, Nov. 1949. 

Bowen Ribbon-Frame Camera, E. E. Green 
and T. J. Obst, Jour. SMPE, 58: 515-23, 
Nov. 1949. 

Race Finish Recorder, J.C. Beckman and E. 
M. Whitley, Electronics, 22: 98-100, Dec. 
1949. 

High-Speed Synchroscope, G. G. Kelley, 
Rev. Sci. Instr., 21: 71-76, Jan. 1950. 

Hand-Held High Speed Motion Picture 
Camera, B. Marcus, Photographic Engi- 
neering, 1: 57-62, Apr. 1950. 

Streak Photography, I. Vigness and R. C. 
Nowak, J. Appl. Phys., 21: 445-48, May 
1950. 

A 100,000,000 Frame per Second Camera, M. 
Sultanoff, Rev. Sci. Instr., 21: 653, July 
1950. 


LIGHTING 


Four-Microsecond Flash Unit, Electronics, 16: 
144, 146, Oct. 1943. 

Photoflash Lamps—Motion Pictures, H. M. 
Lester, Gen. Elec. Rev., 47: 19-20, Apr. 
1944. 

Continuous Flash Lighting—An Improved 
High-Intensity Light Source for High- 
Speed Motion Picture Photography, H. M. 
Lester, Jour. SMPE, 45: 358-69, Nov. 
1945. 

Speedlights, A. Palme, Amer. Phot. Publ. Co., 
Boston, 1946. 

Light Source for High-Speed Photography, 
Gen. Radio Co., Electronics, 19: 302, Jan. 
1946. 


Bibliography on High-Speed Photography 7 


‘ 
x “ad 
| 
i 


Speedlight and Photoflash, A. Palme, Amer. 
Phot., 40: 28-29, July 1946. 


Continuous-Flash Illumination for High- 
Speed Motion Picture Photography, H. 
M. Lester, J. Phot. Soc. Amer., 12: 623-29, 
Nov. 1946. 


Continuous Flash Illumination for, High- 
Speed Motion Picture Photography, H. M. 
Lester, Phot. Age, 2: 22-26, 39, Jan. 
1947.: 

Characteristics and Application of Flash- 
tubes, F. E. Carlson and D. A. Pritchard, 
Illuminating Eng., 42: 235-48, Feb. 1947. 


Flashtubes—A Potential Illuminant for Mo- 
tion-Picture Photography, F. E. Carlson, 
Jour. SMPE, 48: 395-406, May 1947. 


Spark Light-Source of Short Duration, J. W. 
Beams, A. R. Kuhlthau, A. C. Lapsley, J. 
H. MeQueen, L. B. Snoddy and W. D. 
Whitehead, Jr., J. Opt. Soc. Amer., 37: 
868-70, Oct. 1947. 


Discharge Lamps for Photography and Pro- 
jection, H. K. Bourne, Chapman, London, 
1948. 


The High Intensity Flash-Discharge Tube, 
J. N.. Aldington, Endeavour, 7: 21-26, 
Jan. 1948. 


Microflash Unit for Ballistic Photography, 
W. W. McCormick, L. Madansky and A. 
F. Fairbanks, J. Appl. Phys., 19: 221-25, 
Mar. 1948. 


High-Speed Flash Unit, A. J. Drugan, 
U.S. Camera, 11: 22-23, June 1948. 


The Flash-tube and Its Applications, J. N. 
Aldington and A. J. Meadowcroft, J. 
Inst. Elec. Eng., 95: 671-81, Part 2, Dec. 
1948. 


Improved Cathode-Ray Tube Method of the 
Harmonic Comparison of Frequency, D. 
W. Dye, Proc. Phys. Soc. (London), 37: 
158-68, Apr. 1925. 

A Photokymographic Method with Continu- 
ous Cathode Ray Oscillograms, W. S. 
McCulloch and G. R. Wendt, Science, 83: 
354-55, Apr. 10, 1936. 


New Siemens and Halske Cathode Ray 
Oscillograph, W. Gaarz and P. P. Klein, 
Siemens Rev., 13: 138-48, #4, 1937. 

Uber Kathodenstrahlphotographie, w. 
Holzer, Phot. Korr., 73: 9-14, Jan. 1937. 

A Film Camera for Use with the Cathode- 

Ray Oscillograph, Specially Designed for 

Experiments on Artificial Radioactivity, 

L. G. Grimmett and W. H. Rann, J. Sci. 

Instr., 14: 96-100, Mar. 1937. 


IV. OSCILLOGRAPHY 


Characteristic of Photoflash Lamps, M. P. 
Murgal, J. Sci. Ind. Res., 8: 44-50, Feb. 
1949. 

Lamps for High-Speed Photography, R. E. 
Farnham, Jour. SMPE, 52: 35-51, Mar. 
Pt. 2, 1949. 

New High-Speed Stroboscope for High- 
Speed Motion Pictures, K. J. Germeshau- 
sen, Jour. SMPE, 52: 24-34, Mar. Pt. 2, 
1949. 

High-Speed Flash for Black and White and 
Color, H. G. Morse, PSA Jour., 16: 
242-44, Apr. 1949. 


G. E. Develops Powerful Photo Lamp for 
High-Speed Film Production, Business 
Screen Mag., 10: 44, #2, Apr. 1949. 

High-Intensity Flash-Tubes, G. Knott, 
Phot. J., 89B: 46-50, May-June 1949. 

High-Speed Flash Tubes and Their Applica- 
tions, A. J. Meadowcroft, Phot. J., 89B: 
51-53, May-June 1949. 

A High-Intensity Light Source for High- 
Speed Kinematography, E. J. G. Beeson, 
Phot. J., 89B: 62-67, May-June 1949; 
ef. Nature, 164: 453-54, Sept. 10, 1949. 

New Lighting for High-Speed Photography, 
W. R. Plant, Gen. Elec. Rev., 52: 22-27, 
June 1949; cf. Phot. Age, 4: 10-11, 22-23, 
Sept. 1949; 8-10, Oct. 1949. 

Tracer Lights, Modern Photography, 13: 
44-47, 126-27, Oct. 1949. 

Cine-Flash Equipment for High-Speed Cine- 
photography, H. K. Bourne, Functional 
Photography, 1: 17-19, Jan. 1950. 

The Stroboscope as a Light Source for Mo- 
tion Pictures, R. S. Carlson and H. E. 
Edgerton, Jour. SMPTE, 66: 88-100, 
July 1950. 


The Recording of Rapidly Occurring Elec- 
tric Phenomena With the Aid of the 
Cathode-Ray Tube and the Camera, J. F. 
H. Custers, Philips Tech. Rev., 2: 148-55, 
May 1937. 


Nachbeschleunigungs—Elektronstrahl Ozil- 
lograph, A. Bigalke, Zeit. tech. Physik, 19: 
163-66, #6, 1938. 


Oscillograph Film Camera for Brief Records, 
A. J. Small, J. Sci. Instr., 15: 238-39, 
1938. 


Schaltvorrichtung fir Aufnahmen_ kurz- 
zeitiger elektrischer Vorginge mit dem 
Siemens-Schliefen Ozillographen, W. Neu- 
mann, Zeit. Instrumentenkunde, 58: 41-43, 
Jan. 1938. 


98 January 1951 Journal of the SMPTE Vol. 56 


— 
| 
| 
| 
= 
| | 
4 
i 
| 
| 
| 
4 


A Recurrent Surge Oscillograph, G. J. 
Scoles, J. Sci. Instr., 15: 201-5, June 
1938. 

An Apparatus for the Measurement of 
Scanning Speeds of Cathode-Ray Tubes, L. 
Blok, Philips Tech. Rev., 3: 216-19, July 
1938. (Apparatus is described for the deter- 
mination of the greatest scanning speed of 
cathode-ray tubes which can be photographed. ) 

Use of High-Vacuum Cathode-Ray Tube 
for Recording High-Speed Transient Phe- 
nomena, D. I. McGillewie, J. Inst. Elec. 
Eng., 83: 657-80, Nov. 1938; Elec. Com- 
munication, 17: 124-32, Oct. 1938. 

Principles et construction des oscillographes 
& rayons cathodiques, M. Demontvignier, 
Rev. gén. eléc., 45: 3-14, Jan. 7, 1939; 
38-42, Jan. 14, 1939. 

Oscillographe cathodique simple pour l’enré- 
gistrement de phénoménes transitoires, J. 
Cuilhe and T. Vogel, Rev. gén. eléc., 45: 
103-6, Jan. 28, 1939. 

The Testing of Electric Fuses with the 
Cathode-Ray Oscillograph, J. A. M. 
Liempt and J. A. deVriend, Philips Tech. 
Rev., 4: 118-20, Apr. 1939. 

Cathode-Ray Screen Photography, 
tronics, 11: 37-38, Apr. 1939. 

Cathode-Ray Tube Photography, T. A. 
Rogers and B. L. Robertson, Electronics, 
12: 19, July 1939. 

A Cathode-Ray Oscillograph, J. D. Veegens, 
Philips Tech. Rev., 4: 198-204, July 1939. 
(Possibility of observing or photographing 
single phenomena of short duration is dis- 
cussed.) 

Cathode-Ray Photography, J. H. Jupe, 
Wireless World, 45: 233-34, Sept. 7, 1939. 
(Choice of films and plates, exposure, aper- 
ture and reduction of image, formulas for de- 
velopers.) 

A New Oscillograph for the Testing of Shot- 
Firing Machines (in German), W. Hartel, 
Siemens Zeit., 499-508, Nov. 1939. (Oscil- 
lograph is of electromagnetic type with photo- 
graphic recording on a drum driven at 1500 
rpm.) 

Automatic Cathode-Ray Oscillograph, W. 
L. Gaines, Bell Lab. Record, 18: 145-50, 
Jan. 1940. (The photographic mechanism 
ts described.) 

Testing Amplifier Output Valves by Means 
of the Cathode-Ray Tube, A. J. Heins van 
der Ven, Philips Tech. Rev., 5: 61-68, Mar. 
1940. 

Ueber die Beurteilung und den objektiven 
Vergleich der Messleistung von Katho- 
denstrahloszillographen, B. von Borries 
and E. Ruska, Arch. fiir Elektrotech., 34: 
161-66, Mar. 1940. (The output of a 


Elec- 


cathode-ray oscillograph as a meastiring in- 
strument is determined by the speed of the 
spot and the sensitivity. The speed is the 
maximum at which an impression.can be 
made on a photographic plate; this speed 
combined with the diameter of the spot is a 
measure of the resolving power. The sensi- 
tivity combined with the spot diameter mea- 
sures the accuracy. In practice, a compro- 
mise between the two qualities is the most 
satisfactory solution and certain rules are 
proposed.) 

A Recording System Designed for the In- 
vestigation of the Electrical Relations in 
the Brains of Small Animals, G. A. Woon- 
ton, Can. J. Research, 18A: 65-78, Apr. 
1940. (Two RCA high-vacuum cathode-ray 
tubes and a motor-driven Stoppani camera 
were used.) 


Cathode-Ray Oscillograph for Use in Tool 
Making, 8. L. de Bruin and C. Dorsman, 
Philips Tech. Rev., 5: 277-85, Oct. 1940. 


A High-Voltage Cathode-Ray Oscillograph, 
A. C. Hall and J. M. Coombs, Rev. Sci. 
Instr., 11: 314-20, Oct. 1940. 


Photography of Cathode-Ray Tube Traces, 
H. F. Folkerts and P. A. Richards, RCA 
Rev., 6: 234-44, Oct. 1941. 


A Cathode-Ray Oscillograph with Rotating 
Drum Camera, E. G. Downie, Trans. 
Elec. Eng., 60: 984-85, Nov. 1941. 


Die Verwendung von Kaltkathodenstrahlos- 
zillographen, G. Induni, Schweiz. Arch. 
angew. wiss. Tech., 8: 35-45, Feb.»1942. 
(Examples are given of the use of single- and 
double-ray cold-cathode c.r. oscillographs for 
electron refraction investigation of molecular 
structure with numerous photographs.) 


Errors in Photography of Cathode-Ray Tube 
Traces. The Effects of Screen Curvature, 
H. Moss and E. Cattanes, Electronic Eng. 
14: 720-21, Apr. 1942. 


The Production of Elastic Waves by Explo- 
sion Pressures, II., J. A. Sharpe,, Geo- 
physics, 7: 311-21, July 1942. (A cathode- 
ray oscilloscope was used with ultraspeed 
film photosensitized with mercury.) 

The Cathode-Ray Tube Used Stroboscopi- 
cally, G. Bocking, Electronic Eng., 16: 
102-3, Aug. 1942. 


The New Fastax High-Speed Camera, C. L. 
Strong, Amer. Cinemat., 24: 292-93, 297, 
Aug. 1943; ef. H. J. Smith, Bell Lab. 
Record, 22: 1-4, #1, Sept. 1942. 


Application of Oscillograph to Determination 
of Cooling Rates of Quenched Steels, C. R. 
Austin, R. M. Allen and W. G. VanNote, 
Trans. Amer. Soc. Metals, 30: 747-75, 
Sept. 1942. 
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Applications of Cathode-Ray Tubes, B. 
Dudley, Electronics, 15: 49-52, 154-55, 
Oct. 1942. 

Recording Machinery Noise Characteristics, 
H. D. Brailsford, Electronics, 15: 46-51, 
164-66, Nov. 1942. (Includes description of 
apparatus.) 

A Concise Report on a High-Speed Camera 

for Simultaneous Photographic and Oscil- 

lographic Records, H. W. Baxter, J. Sci. 

Instr., 19: 183-84, Dec. 1942. 


The Photography of High-Speed Transient 
Phenomena with the Sealed-Off Glass- 
Tube Cathode-Ray Oscillograph, W. Neth- 
ercot, J. Sci. Instr., 20: 75-78, May 1943. 

Precision Stroboscopic Frequency Meter, 
E. L. Kent, Electronics, 16: 120-21, Sept. 
1943. 

Photography of Cathode-Ray Tube Traces, 
N. Hendry, Electronic Eng., 16: 324-26, 
Jan. 1944. 


Photographing Patterns on Cathode-Ray 
Tubes, R. Feldt, Electronics, 17: 130-37, 
262, 264, 266, Feb. 1944. 

Recording High-Speed Transient Phenomena 
by the Hot-Cathode, Glass-Bulb, Cathode- 
Ray Oscillograph, W. Nethercot, Electronic 
Eng., 16: 369-71, Feb. 1944; note on 
above by H. Moss, p. 411, Mar. 1944. 


A Continuous Film-Recording Camera for 
Use with Standard Cathode-Ray Oscillo- 
scopes, A. H. Simons, Electronic Eng., 18. 
10-12, Jan. 1946. 

Chemical Propellants. The System Hydro- 
gen Peroxide—Permanganate, F. Bellinger, 
H. B. Friedman, W. H. Bauer, J. W. 
Eastes, J. H. Ladd and J. E. Ross, Ind. 
Eng. Chem., 38: 160-69, Feb. 1946. (A 
General Motors capacitance gage cathode-ray 
oscillograph 35-mm camera oscillograph re- 
corder was used to record pressure in chamber 
of a thrust motor.) 

High-Speed Photography of the Cathode- 
Ray Tube, H. Goldstein and P. D. Bales, 
Rev. Sci. Instr., 17: 89-96, Mar. 1946. 

High-Speed Oscillograph, N. Rohats, Elec- 
tronics, 19: 135-37, Apr. 1946. 

The Photographic Recording of Cathode- 
Ray Tube Screen Traces. The Choice of 
Emulsions and Developers, R. J. Hercock, 
Phot. J., 86B: 138-42, Nov.-Dec. 1946. 

The Photography of High-Speed Traces with 

the Sealed-Off Glass Cathode-Ray Tube, 
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W. Nethercot, 
Nov.-Dec. 1946. 

The Photographic Recording of Cathode-Ray 
Tube Traces, R. J. Hercock, Ilford Ltd., 
London, 1947. 

Photographing Cooling Curves of Hardening 
Oils by Means of a Cathode-Ray Oscillo- 
graph, Philips Tech. Rev., 9: 147-48, #5, 
1947. 

Cathode-Ray Tube Shutter-Testing In- 
strument, D. T. R. Dighton and H. McG. 
Ross, J. Sci. Instr., 24: 128-33, May 
1947. 

Recording Oscilloscope Images, Tele-Tech, 6: 
45-46, Apr. 1947; cf. Instruments, 20: 1052, 
Nov. 1947. 

Note on the Photography of Cathode-Ray 
Oscillograms, M. V. Scherb, Rev. Sci. Instr., 

18: 925, Dec. 1947. 


Multi-Channel Recording of Oscillograph 
Traces, Engineer, 184: 560, Dec. 12, 1947. 

An Oscilloscope Camera, H. E. Hale and H. 
P. Mansberg, Electronics, 21: 102-7, 
June 1948; ef. Instruments, 20: 1052-53, 
Nov. 1947. (1—3600 feet per minute.) 

Illumination of Cathode-Ray Oscillograph 
Screen for Photography, E. C. Crittenden, 
Jr., C. 8. Smith and L. O. Olsen, Rev. Sci. 
Instr., 19: 271-72, Apr. 1948. 

Continuous Oscillograph Camera for Iono- 
sphere Measurements, J. E. Hacke, Jr., 
Instruments, 21: 914-15, Oct. 1948. 

Modern Oscilloscopes and Their Uses, J. H. 
Ruiter, Jr., Murray Hill Books, New 
York, 1949. 

Oscillograph for Automatic Recording of 
Disturbances on Electric Supply Systems, 
W. T. J. Atkins, J. Inst. Elec. Eng., 95: 
276-85, Pt. 2, Apr. 1949. 

Cathode-Ray-Tube Applications in Pho- 
tography and Optics, C. Berkley and R. 
Feldt, Jour. SMPE, 52: 64-85, July 1949; 
Electronic Eng., 21: 114-20, Apr. 1949; 
169-72, May 1949. 

A Miniature Portable Cathode-Ray Oscillo- 
graph Recorder, C. F. Johnson, Instru- 
ments, 22: 800-1, Sept. 1949. 

Techniques in High-Speed Cathode-Ray 
Oscillography, C. Berkley and H. P. 
Mansberg, Jour. SMPE, 53: 549-78, Nov. 
1949. 

Improved C-R Photographs, N. Fulmer, 

Electronics, 23: 86-87, Mar. 1950. 
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Photography of Flying Bullets, ete., C. V. 
Boys, Phot. J., 16: 199-209, Apr. 30, 1892; 
ef. Nature, 47: 415-21, Mar. 2, 1893; 
440-46, Mar. 9, 1893; Smithsonian Inst. 
Report for 1892-93, 165-82. 


Photography of Sound Waves by the ‘“‘Schlie- 
ren Methode,”” R. W. Wood, Phil. Mag.. 
(5), 48: 218-27, Aug. 1899. 

Photography of Sound Waves, R. W. Wood, 
Phot. J., 24: 250-56, May 31, 1900. 

The Photography of Sound Waves and the 
Demonstration of the Evolutions of Re- 
flected Wave Fronts with the Cinemato- 
graph, R. W. Wood, Phil. Mag. (5), 50: 
148-56, 1900; cf. Nature, 62: 342-49, 
Aug. 9, 1900; Smithsonian Inst. Report for 
1900, 359 ff., 1901; Proc. Roy Soc., 66: 
283-90, #429, 1900. 

Movements of Flame in Explosions of Gases, 
H. B. Dixon, Phil. Trans. Roy. Soc., 200A: 
315-52, Feb. 4, 1903. 

Beobachtungen nach der Schlierenmethode, A. 
Toepler, W. Engelmann, Leipzig, 1906. 


Photographing Air Waves and Bullets, W. 
Hyde, Brit. J. Phot., 63: 492-93, Sept. 8, 
1916. 


Uber Hochfrequenz - Schlierenkinemato- 
graphie und ihre Verwendung zur Unter- 
suchung von Explosionserscheinungen und 
anderen sehr rasch verlaufenden Vor- 
giingen, C. Cranz and E. Bames, Z. angew. 
Chem., 36: 76-80, Feb. 7, 1923. 


Uber Hochfrequenzschlierenphotographie, E. 


Bames, Phot. Rund., 61: 
1924. 


Die Photographie von Explosionsvorgingen, 
H. Moss, Phot. Korr., 66: 69-73, #3, 1930. 


Schlieren Kinematographie, P. Schrott, 
Kinotechnik, 12: 40-46, Jan. 1930. 


Mehrfachfunkenaufnahmen von Explosions- 
vorgiingen nach der Toeplerchen Schlie- 
renmethode, W. Lindner, Kinotechnik, 12: 
356-60, July 1930. 


Applications of the Schlieren Method of 
Photography, D. B. Gawthrop, Rev. Sci. 
Instr., 2: 522-31, Sept. 1931. 


Ignition of Firedamp by Explosives, Study 
of the Process of Ignition by the Schlieren 
Method, W. C. F. Shepherd, Bull. of the 
Bureau of Mines, $354, 1932. 


Improvements in the Schlieren Method, H. 
G. Taylor and J. M. Waldram, J. Sci. 
Instr., 10: 378-89, Dec. 1933. 


Sichtbarmachung von Schwingungen einer 
Quarzplatte mittels der Schlierenmethode, 
V. Petrzilka and L. Zachoval, Zeit. Physik, 
90: 700-02, #9 /10, 1934. 
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Toepler's Schlieren Method. Fundamentals 
of Its Application and Quantitative Use, 
H. Schardin, V. D. I. Forschungsheft, 
Berlin, #367, 32 pp., 1934. (Translated by 
I. E. Segal, RTP Translation $249. Bibliog- 
raphy.) 


Improvements in the Schlieren Method of 
Photography, H. C. H. Townend, J. Sci. 
Instr., 11: 184-87, June 1934. 


Die Harze der Steinkohlen, H. Winter, 
Angew. Chem., 48: 610-14, Sept. 21, 1935. 
(Schlieren photographs indicate that fossil 
resins are high molecular esters.) 


Wiarmubergang durch freie Konvektion an 
Quadratischen Platten, R. Weise, Forsch. 
Gebiete Ingenieurw., 6: 281-92, Nov.-Dec. 
1935. (Photographs taken by Schlieren 
method of temperature fields.) 


Observation of Ultracentrifugal Sedimenta- 
tion by the Toepler-Schlieren Method, A. 
Tiselius, K. O. Pedersen and I. Eriksson- 
Quensel, Nature, 139: 546, Mar. 27, 1937. 


Measurement of Heat Transfer by Free 
Convection from Cylindrical Bodies by 
Schlieren Method, L. M. K. Boelter and 
V. H. Cherry, Trans. Amer. Soc. Heating 
and Ventilating Engrs., 44: 499-512, 1938. 


Photographing the Invisible, J. H. W. 
Kerston, Pop. Phot., 6: 16-17, 74, 76, Apr. 
1940. (Schlieren photography.) 


Schlierenaufnahmen von Gasflammen, A. 
N. J. van de Poll and T. Westerdijk, Zeit. 
tech. Physik, 22: 29-32, #2, 1941. 


Schlieren and Shadowgraph Equipment for 
Air Flow Analysis, N. F. Barnes and 8. L. 
Bellinger, J. Opt. Soc. Amer., 35: 497-509, 
Aug. 1945. 


High-Speed Schlieren Camera for Observa- 
tion of Flame Travel, BIOS Report #14, 
Item 9; P. B. Report L85, 201, 1947. 


Knocking Combustion Observed in a Spark- 
Ignition Engine with Direct and Schlieren 
High-Speed Motion Pictures and Pressure 
Records, G. E. Osterstrom, National Ad- 
visory Committee for Aeronautics, Tech. 
note #1614, June 1948. 


Electron Optical Schlieren Effect, Tech. News 
Bull. Nat. Bur. Stand., 32: 82-84, July 
1948. 


The Operation of the Puff-Ball Mechanism 
of Lycoperdon Perlatum by Raindrops, 
Shown by Ultra-High-Speed Schlieren 
Cinematography, P. H. Gregory, Trans. 
British Mycological Soc., 32: 11-15, Pt. 1, 
1949. 
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The Application of the Schlieren Method to 
the Quantitative Measurement of Mixing 
Gases in Jets, W. R. Keagy, Jr. and H. H. 
Ellis, pp. 667-74, in: Third Symposium on 
Combustion and Flame and Explosion 
Phenomena, Williams and Wilkins, Balti- 
more, Md., 1949. 


Visual Methods for Studying Ultrasonic 
Phenomena, R. B. Barnes and C. J. 
Burton, J. Appl. Phys., 20: 286-96, Apr. 
1949. (Modifications of Schlieren photog- 
raphy.) 


Photography of Flying Bullets, ete., C. V. 
Boys, Phot. J., 16: 199-209, Apr. 30, 
1892; cf. Nature, 47: 415-21, Mar. 2, 
1893; 440-46, Mar. 9, 1893; Smithsonian 
Inst. Report for 1892-93, 165-82. 

Photography of Sound Waves, R. W. Wood, 
Phot. J., 24: 250-56, May 31, 1900. 

A Study of Splashes, A. M. Worthington, 
Longmans, New York, 1908. 

Photographing Air Waves and Bullets, W. 
Hyde, Brit. J. Phot., 63: 492-93, Sept. 8, 
1916. 

De la chrono-photographie par étincelle 
électrique A l'étude des phénoménes de 
ballistique, L. Bull, Bull. rech. et inv., 1: 
48-54, Nov. 1919. 

The Spectrum of Electrically Exploded 
Wires, J. A. Anderson, Astrophys. J., 51: 
37-48, Jan. 1920. 


Appareil pour la dissociation rapide des 
images dans le cinématographie par 
étincelle électrique, L. Bull, Compt. rend., 
174: 1059-1061, Apr. 18, 1922. 

Photography of Bullets in Flight, P. P. 
Quayle, J. Franklin Inst., 193: 627-40, 
May 1922. 

High Speed Photography of Vibrations 
(Sound, Mechanical, Electrical, ete.), A. 
Trowbridge, J. Franklin Inst., 194: 713-29, 
Dec. 1922. 

A Photographie Study of High Voltage Dis- 
charges, R. H. George, K. B. McEachron 
and K. A. Oplinger, Bull. Purdue Univ. 
Eng. Expt. Station #19, 118 pp., 1924. 

The Movement of Flame in Closed Vessels, 
O. C. deC. Ellis and R. V. Wheeler, J. 
Chem. Soc., 127: 764-67, 1925. 

Spark Photography and Its Application to 
Some Problems in Ballistics, P. P. Quayle, 
Sci. Papers Bur. Stand. $508, 20: 237-76, 
1925. 
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Interference Phenomenon in the Schlieren 
System, E. L. Gayhart and R. Prescott, 
J. Opt. Soc. Amer., 39: 546-50, July 
1949. 

Physical Optic Analysis of Image Quality in 
Schlieren Photography, H. J. Shafer, 
Jour. SMPE, 53: 524-44, Nov. 1949. 

A Modified Schlieren Apparatus for Large 
Areas of Field, R. A. Burton, J. Opt. Soc. 
Amer., 39: 907-8, Nov. 1949. 

Improved Schlieren Apparatus Employing 

Multiple Slit-Gratings, T. A. Mortensen, 

Rev. Sci. Instr., 21: 3-6, Jan. 1950. 


Single Spark Photography and Its Applica- 
tion to Some Problems in Ballistics, P. P. 
Quayle, Nature, 115: 765-70, May 16, 
1925. 

Spark Photography as a Means of Measuring 
Rate of Explosion, J. E. Smith, Phys. Rev., 
25: 870-76, June 1925. 


Tagging a Bullet on the Wing, 8S. P. Meek, 
Sci. Amer., 81: 158-59, Sept. 1925. (One 
millionth of a second.) 

Application de la photographie sur plaque 
mobile A l'étude du mouvement des pro- 
jectiles et en particulier A la mesure de 
leur vitesse, G. Foex and J. Kampé de 
Feriet, Compt. rend., 181: 597-99, Nov. 3, 
1925. 

General Characteristics of Electrically Ex- 
ploded Wires, J. A. Anderson and 8. 
Smith, Astrophys. J., 64: 295-314, Dec. 
1925. 

The Pressure Wave Caused by an Explosion, 
W. Payman and H. Robinson, Safety in 
Mines Research Board Paper, #18, 1926; 
W. Payman and W. C. F. Shepherd, #29, 
1926. 


Lehrbuch der Ballistik, Band 3, C. Cranz, 
Springer, Berlin, 1927. 

Photographic Measurement of Rate of De- 
tonation of Explosives, G. St. J. Perrott 
and D. B. Gawthrop, J. Franklin Inst., 
203: 103-10, Jan. 1927; 387-406, Mar. 
1927. 

Flame, O. C. deC. Ellis, Phot. J., 67: 349-58, 
Aug. 1927. 

Cinematographic Studies in Aerodynamics, 
A. Klemin, Mech. Eng., 50: 217-220, 
Mar. 1928. 

Some Applications of Spark Photography, 
D. B. Woodbridge and A. E. Palmer, J. 
Opt. Soc. Amer., 16: 125-33, #2, 1928. 
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Ein neuer Trommelaufnahme—Apparat, F. 
Beck, Kinotechnik, 11: 124-26, Mar. 5, 
1929; cf. Lichtbildbiihne, 22: 18-19, Apr. 
13, 1929. 

Photographic Investigation of Flame Move- 
ments in Carbonic Oxide-Oxygen Explo- 
sions, W. A. Bone and R. P. Frazer, Phil. 
Trans. Roy. Soc., 228: 197-234, May 17, 
1929. 

Photographing Sound, C. Neblette, Photo 
Era, 64: 160-63, #3, 1930. (Foley’s ap- 
paratus for spark photography is illus- 
trated.) 

Les ondes stationnaires ultra-sonores rendues 
visibles dans les gaz par la méthode des 
stries, E. P. Tawil, Compt. rend., 191: 
92-95, July 16, 1930. 

Application of Photography in Explosives 
Research, W. Payman, Phot. J., 70: 409- 
11, 419, Sept. 1930. 


Méthode d’observation d’ondes sonores non 
stationnaires, E. P. Tawil, Compt. rend., 
191: 998-1000, Nov. 24, 1930. 


The Photography of Waves and Vortices 
Produced by the Discharge of an Explo- 
sive, D. B. Gawthrop, W. C. F. Shepherd 
and G. St. J. Perrott, J. Franklin Inst., 
211: 67-86, Jan. 1931. 


The Propagation of Flame in Electric Fields. 
I. Distortion of the Flame Surface, E. M. 
Guenault and R. V. Wheeler, J. Chem. 
Soc., 195-99, Jan. 1931. 


Explosions in Closed Cylinders. IV. Correla- 
tions of Flame Movement and Pressure 
Development in Methane-Air Explosions, 
W. A. Kirkby and R. V. Wheeler, J. 
Chem. Soc., 847-53, Apr. 1931; V. The 
Effect of Restrictions, 2303-6, 1931. 

Zeithehner-Untersuchungen, w. Ende, 
Kinotechnik, 13: 139-42, Apr. 20, 1931; 
158-61, May 5, 1931. 

Cinematographic Analysis of Mechanical 
Energy Expenditure in the Sprinter, C. A. 
Morrison and W. O. Fenn, Jour. SMPE, 
16: 603-11, May 1931. 


Sur un cinématographie ultra-rapide donnant 
de 2000 & 3000 images par seconde, E. 
Hugenard and A. Magnan, Compt. rend., 
192: 1370-72, June 1, 1931. (Four lenses 
taking 12 pictures, in area, the size of one 
standard 35-mm frame.) 

Die Entwicklung der Mikrokinemato- 
graphie, H. Linke, Filmtechnik, 7: 1-4, 
June 27, 1931. 

Explosion Waves and Shock Waves, Pt. 1. 
The Wave-Speed Camera and Its Applica- 
tion to the Photography of Bullets in 
Flight, W. Payman and D. W. Woodhead, 
Proc. Roy. Soc., 182A: 200-13, July 2, 
1931. 


Applications de la photographie strobo- 
scopique a l'étude des moteurs A huile 
lourde, Clerget, Bull. soc. frangs. phot. (3), 
18: 180-83, Sept. 1931. 

Iowa Eye-movement Camera, H. H. Jasper 
and R. Y. Walker, Science, 74: 291-94, 
Sept. 18, 1931. 

Der Lidschluss in der Zeitlupenaufnahme, H. 
Pander, Kinotechnik, 13: 366-67, Oct. 5, 
1931. 


Neue Ergebnisse der Hochfrequenz-Kinema- 
tographie in der technischen Forschung 
(mit Filmvorfthrung), W. Ende, Ber. 
Int. Kong. Phot. Dresden, 1931, 265-71, 
1932. 

Ignition of Firedamp by Explosives, Study of 
the Process of Ignition by the Schlieren 
Method, W. C. F. Shepherd, Bull. of the 
Bureau of Mines, #354, 1932. 


Die Grenzen der Hochfrequenzkinemato- 
graphie, H. Schardin, Kinotechnik, 14: 
41-45, Feb. 5, 1932. (Spark iilumination is 
3 million per sec.) 

The Meteorology of Gas Explosions, O. C. 
deC. Ellis, Phot. J., 72: 380-84, Sept. 
1932. 

New Ways of Splitting Seconds, C. H. 
Fetter, Bell Telephone Quarterly, 11: 293- 
300, Oct. 1932. 


Propagation Tests and the Photography of 
the Disturbance Sent Out by the Explosion 
of Commercial Electric Detonators, D. B. 
Gawthrop, J. Franklin Inst., 214: 647-64, 
Dec. 1932. 

On the Propagation of a Lightning Dis- 
charge through the Atmosphere, E. C. 
Halliday, Phil. Mag. (7), 16: 409-20, 
Feb. 1933. 

La cinématographie par étincelles, L. Bull, 
Reunions de l'Institut d'Optique, 5: 13-22, 
1934. 

Utilisation de l'étincelle électrique en_balis- 
tique et en aerodynamique, L. Libesscut, 
Reunions de l'Institut d'Optique, 5: 5-12, 
1934. 


Photo-Record of the Speed of an Explosion 
Wave in an Electric Field (in English), A. 
E. Malijowski, B. N. Naugolnikow and K. 
T. Tkatschenko, Physik. Zeit. Sowjet- 
union, 5: 446-52, #3, 1934. 


The Pressure Wave Sent Out by an Ex- 
plosive. III. Spark Photographs With 
Permitted Explosives, W. Payman and D. 
W. Woodhead, Safety in Mines Res. Board 
Paper #88, 1934. 


Determination d’eclairs rapides dans les 
tubes A gaz par les appareils “‘Strobo- 
rama,” L. and A. Sequin, Reunions de l’'In- 
stitut d'Optique, 5: 23-45, 1934. 
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Statistical Measurements of Turbulence in 
the Flow of Air through a Pipe, H. C. H. 
Townend, Proc. Roy. Soc., 145A: 180-211, 
#854, 1934. 

Lightning Camera Proves Life-Saver, S. J. 
Cox, Photography, 2: 30, Jan. 1934. 

A Photoelectric Cell’ Method of Measuring 
the Velocity of Projectiles, D. C. Rose, 
Can. J. Research, 10: 571-87, May 1934. 

The Use of the Thyratron as a Light Source 
for Recording Purposes, D. C. Rose, Can. 
J. Research, 10: 588-90, May 1934. 

Photography of Flame in Gaseous Explo- 
sions, R. P. Fraser, Phot. J., 74: 388-405, 
Aug. 1934. 

Speed Copes With Speed in Study of Design, 
F. A. Ramsdell and A. Palmer, Machine 
Design, 7: 13-17, Mar. 1935. (Analyzes 
motion of a loom.) 

New Developments in Micro Motion Picture 
Technic, H.- Roger, Jour. SMPE, 24: 
475-86, June 1935. 

Fortschritte auf dem Gebiet der Hochfre- 
quenz Kinematographie, C. Cranz and H. 
Schardin, Zeit. Ver. deut. Ing., 79: 1075-79, 
Sept. 7, 1935. 

Progressive Lightning, Part I, B. J. F. 
Schonland and H. Collens, Proc. Roy. Soc., 
143A: 654-74, Feb. 1934; Part II, B. J. 
F. Schonland, D. J. Malan and H. Collens, 
152A: 595-625, Nov. 15, 1935. 

Uber den Verdampfungsvorgang nach kine- 
matographischen Aufnahmen an Dampf- 
blasen, W. Fritz and W. Ende, Physik. 
Zeit., 37: 391-401, #11, 1936. (Modifica- 
tion of Thun's high speed camera; process 
of evaporation shown by cinematograph 
pictures of bubbles of steam.) 

Effect of Nozzle Design on Fuel Spray and 
Flame Formation in High-Speed Com- 
pression-Ignition Engine, A. M. Rothrock 
and C. D. Waldron, Nat. Adv. Comm. for 
Aeronautics #561, 1936. 

How Does a Welding Electrode Fuse, J. 
Sack, Philips Tech. Rev., 1: 26-29, Jan. 
1936. 

Olympic Games by Stereoscopic Films, 
Kinemat. Weekly, 227: 54, Jan. 23, 1936. 
Photo-Elastic Study of Stresses Due to Im- 
pact, Z. Tuzi and M. Nisida, Phil. Mag. 
(7), 21: 448-73, #140, Feb. (Suppl.) 1936. 

(1 /46,000 sec.) 

Ultra-High-Speed Motion-Picture Photog- 
raphy, Ind. Eng. Chem., News ed., 14: 
61-62, Feb. 10, 1936. (3,000 frames per 
sec.) 

Nouveau dispositif cinématographique pour 
l’enregistrement de phénoménes trés rapi- 
des, L. Bull and P. Girard, Compt. rend., 
202: 554-55, #7, Feb. 17, 1936. 
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Nouvel appareil 4 plaque fixe pour l’analyse 
cinématographiques des mouvements ra- 
pides, L. Bull, Bull. soc. frangs. phot. (3), 
23: 105-8, Apr. 1936. 

High-Speed Motion Pictures in Industrial 
Development, H. I. Day, J. Brit. Inst. 
Cinematography, 4: 15, 25, Apr. 1936. 

High-Speed Motion Pictures of Engine 
Flames, G. M. Rassweiler and L. Withrow, 
Ind. Eng. Chem., 28: 672-77, June 1936. 

A Method of Air Flow Cinematography Ca- 
pable of Quantitative Analysis, H. C. H. 
Townend, J. Aeronautical Sci., 3: 343-53, 
Aug. 1936. 


Les applications de la photographie et de la 
cinématographie par étincelles A l'étude 
des phénoménes balistiques et aerodyna- 
miques: Photographies et  cinémato- 
graphies ultrarapides, P. Libessart, Bull. 
soc. fran¢s. phot. (3), 23: 192-204, Sept. 
1936. 

Photographic ‘“Judge’’ at the Olympic 
Games, Brit. J. Phot., 83: 688-89, Oct. 
30, 1936. (Zeiss-Ikon duplicate stereocine- 
matograph apparatus.) 

Use of Motion Pictures in an Accurate Sys- 
tem for Timing and Judging Horse Races, 
H. I. Day, Jour. SMPE, 27: 513-28, Nov. 
1936. 


Sound Wave Stroboscope, B. F. McNamee, 
Electronics, 9: 24-26, 34, Nov. 1936. 

Ultra-Slow Motion Photography as Applied 
to Chemical Engineering Studies, G. J. 
Esselen and J. G. Hildebrand, Trans. 
Amer. Inst. Chem. Eng., 32: 557-65, Dec. 
25, 1936. 


High-Speed Cameras for Measuring the Rate 
of Detonation in Solid Explosives, W. 
Payman, W. C. F. Shepherd and D. W. 
Woodhead, Safety in Mines Research 
Board Paper #99, 29 pp., 1937. 

Welding & Welding Rods, J. Sack, Philips 
Tech. Rev., 2: 129-35, May 1937. 

Application de la photographie A l'étude des 
luminosités produites par la détonation des 
explosifs, A. Michel-Levy, Bull. soc. 
frangs. phot. (3), 24: 125-32, July 1937. 

High-Speed Camera for Propeller Research, 
E. L. Gayheart, Engineer, 164: 23-24, 
July 2, 1937. 

A Photographic Study of the Vacuum Spark 
Discharge, J. A. Chiles, Jr., J. Appl. 
Phys., 8: 622-26, Sept. 1937. 

Studies in Drop Formation as Revealed by 
the High-Speed Motion Camera, H. E. 
Edgerton, E. A. Hauser and W. B. Tucker, 
J. Phys. Chem., 41: 1017-28, Oct. 1937. 

Filming Operation on Blood Corpuscles, 8. 
H. Kahn, Photography, 6: 45, Oct. 1937. 
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Neuere Ergebnisse der Funkenkinemato- 
graphie, H. Schardin and W. Struth, 
Zeit. tech. Physik, 18: 474-77, Dec. 1937. 


A Photographic Study of Combustion and 
Knock in a Spark-Ignition Engine, A. M. 
Rothrock and R. C. Spencer, National Ad- 
visory Committee for Aeronautics Report 
#622, Laboratories, Langley Field, Va., 
21 pp., 1938. 

High-Speed Motion Picture Photography 
Applied to Design of Telephone Apparatus, 
W. Herriott, Jour. SMPE, 30: 30-37, Jan. 
1938. 

Cinema Section: The Stroboscope and Mo- 
tion Pictures, W. A. Palmer, Camera Craft, 
45: 31-34, Jan. 1938. 

Twenty Years of Development of High- 
Frequency Cameras, H. E. A. Joachim, 
Jour. SMPE, 30: 169-80, Feb. 1938. 

Direct Photography of Ultracentrifuge Sedi- 
mentation Curves, J. St. L. Philpot, 
Nature, 141: 283-84, Feb. 12, 1938. 

Back-Projection for Amateur Studios, R. H, 
Alder, Amat. Cine World, 4: 607-8, 629. 
Mar. 1938. 

Seeing the Unseen, R. M. Horn, Mech. Eng., 
60: 199-201, Mar. 1938. 

Adapt Your Movie Camera for Speed Stills, 
S. A. Pearl, Pop. Phot., 2: 35, 87-88, Mar. 
1938. 

Photomicrography of Moving Objects by 
Electronic Photoflash Technique, 8. H. 
Webster, E. J. Liljegren and D. J. Zimmer, 
J. Biol. Phot. Assoc., 16: 99-102, Mar. 
1938. 


Photographic Study of the Motion of Fibers 
and Water in Flowing Fiber Suspensions, 
L. A. Moss and E. O. Bryant, Paper Trade 
J., 106: 46-57, Apr. 14, 1938. 

Are Studies with High-Speed Camera, 
Suits, J. Appl. Phys., 9: 188-89, Mar. 
1938; ef. Brit. J. Phot., 85: 362, June 10, 
1938. 

Studying Engine Combustion by Physical 
Methods, L. Withrow and G. M. Rass- 
weiler, J. Appl. Phys., 9: 362-72, June 
1938. 

Tension-Impact Testing, D. 8S. Clark and G. 
Datwyler, Mech. Eng., 60: 559, July 1938. 

It’s a Photographic Finish, H. C. Grantz, 
Cinema Digest, 4: 8, 13, July 1938. 

Hochfrequenz-Kinematographie und Funk- 
enphotographie als Prifmethoden bei der 
Wassenfabrikation, Geissler, Filmtechnik, 
14: 206-7, Dec. 1938. 

The Photography of Airscrew Sound Waves, 
W. F. Hilton, Proc. Roy. Soc., 169A: 
174-90, #937, Dec. 22, 1938. (Modified 
form of spark photography.) 
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High-Frequency Photography and Aircraft 
Design, Brit. J. Phot., 85: 809, Dec. 23, 
1938. (Film made by A. Lippisch pro- 
jected before Roy. Aer tical Soc. showing 
air-flow forms. 1000 frames per sec.) 


A Study of Air Movement through Axial- 
Flow Free-Air Propellers, M. F. Dowell, 
Gen. Elec. Rev., 42: 210-17, 1939. 


Direkte photographische Aufnahme von 
Elektrophorese-Diagrammen, H. Svens- 
son, Koll. Zeit., 87: 181-86, #2, 1939. 


Overhead Welding, J. Sack, Philips Tech. 
Rev., 4: 9-15, Jan. 1939. 


Super-Super Speed, N. Taylor, Minicam, 
2: 58-59, Jan. 1939. (Golf pictures at 
1/100,000th, 1/100th and 1/600th sec. 
intervals.) 


Elektronen-Vierstrahlroehre hoher Schreib- 
geschwindigkeit, A. Bigalke, Arch. fir 
Elektrotech., 33: 108-18, Feb. 15, 1939, 
(The maximum photographic recording speed 
is 1000 km /sec.) 

The Flashing Stroboscope, J. Sct. Instr., 
16: 398, Dec. 1938; Brit. J. Phot., 86: 252, 
Apr. 21, 1939. 


The Testing of Electric Fuses with the 
Cathode-Ray Oscillograph, J. A. M. 
Liempt and J. A. deVriend, Philips Tech. 
Rev., 4: 118-20, Apr. 1939. 

Electrophoresis of Proteins by the Tiselius 
Method, L. G. Longsworth and D. A. Mac- 
Innes, J. Phys. Chem., 24: 271-81, Apr. 
1939. 


High-Speed Cinematography in Post Office 
Engineering, R. W. Palmer, J. Brit. Kine- 
mat. Soc., 2: 119-24, Apr. 1939. (Solu- 
tion of problems in telephone engineering.) 

Photographische  Flugleistungsmessungen, 
Phot. Ind., 37: 639-41, May 24, 1939. 


Physics of Flames and Explosions of Gases, 
B. Lewis and G. von Elbe, J. Appl. Phys., 
10: 344-59, June 1939. 


ylass Fracture Velocity, F. E. Barstow and 
H. E. Edgerton, J. Amer. Ceramic Soc. 
22: 302-7, Sept. 1939. 

Engine Flame Researches, T. A. Boyd, J. 
Soc. Automotive Engr., 45: 421-32, Oct. 
1939. 


Multiflash Photography, H. E. Edgerton, 
K. J. Germeshausen and H. E. Grier, 
Photo Technique, 1: 14-16, #5, Oct. 1939. 

Jets gazeux A vitesse supersonique et lumin- 
osités de détonation, H. Muraour, Chimie 
et industrie, 42: 604-6, Oct. 1939. 

Super Stroboscope, Kern & Co., Ltd., J. 
Sci. Instr., 16: 381-82, Dec. 1939. 
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Photographische Untersuchungen an Flam- 
men, W. Jost, Zeit. angew. Phot., 2: 1-8, 
#1/2, 1940. (Method for these high-speed 
photographs.) 

Modern Synchroflash Photography, W. D. 
Morgan, Amer. Ann. Phot., 54: 203-18, 
1940. (Details on lamp and synchronizers.) 

Recording Transient Disturbances, O. D. 
Grismore, Bell Lab. Record, 18: 140-44, 
Jan. 1940. 

High-Speed Motion Pictures of the Human 
Vocal Cords, D. W. Farnsworth, Bell Lab. 
Record, 18: 203-8, Mar. 1940. 

Photographing Arcs Under Water, Product 
Eng., 11: 136-37, Mar. 1940. 

A Recording System Designed for the In- 
vestigation of the Electrical Relations in 
the Brains of Small Animals, G. A. Woon- 
ton, Can. J. Research, 18A: 65-73, Apr. 
1940. (Two R.C.A. high-vacuum cathode- 
ray tubes and a motor-driven Stoppani 
camera were used.) 

Taken at 1/100,000 of a Second, A. King and 
G. Mili, Minicam, 3: 18-25, May 1940. 
(Edgerton ‘‘speedlite.’’) 

Methods of Measuring the Torque of In- 
duction Motors, A. C. W. V. Clarke, J. 
Inst. Elec. Eng. (London), 86: 597-600, 
June 1940. 

High-Speed Photography and the Study of 
Rapid Machine Motion, V. Sepavich and 
A. Palmer, Mech. Eng., 62: 519-24, July 
1940. 

High-Speed Photography Applied to the 
Study of Machine Performance, E. M. 
Watson, Product Eng., 11: 340-43, Aug. 
1940. 

Photoelasticity, an Application of Polarized 
Light to the Study of Strains and Stresses, 
M. Hetenyi, Photo Technique, 2: 46-49, 
Nov. 1940. 

Measurements on Detonation in the Duchéne 
Apparatus, G. Broersma, J. Aeronautical 
Sct., 8: 62-72, Dec. 1940. 

Ueber kinematographische Aufnahmen von 
Pfeifenténen, K. T. Kthn, Zeit. angew. 
Phot., 2: 92-96, #5/6, Dec. 1940. 

Cinématographie des mouvements ultra- 
rapides, M. L. Bull, Université de Paris, 
Paris, 16 pp., 1941. 

Ballistics Photography, High Speed, R. E. 
Evans, Complete Phot., 1: 383-87, Issue 6, 
1941. 

Measurement of Supersonic Absorption in 
Gases by Optical Methods (in Russian), 
F. A. Korolev, J. Expt. & Theoret. Phys., 
11: 184-93, #1, 1941. 

Race-Track Photofinish Photography, R. F. 

Mitchell, Amer. Annual of Photography, 

56: 183-88, 1941. 
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Color Pictures of Photoelastic Models by 
Polarized Light, G. E. Holm, Photo Tech., 
3: 65-66, Jan. 1941. 


The Dynamics of Sneezing-Studies by High- 
Speed Photography, . W.. Jennison, 
Sci. Monthly, 62: 24-33, Jan. 1941. 

Photographing Electric Arcs in Liquids, T. E. 
Browne, Jr., Photo Tech., 3: 52-54, Feb. 
1941. 

Further Studies of Glass Fracture with High- 
Speed Photography, H. E. Edgerton and 
F. E. Barstow, J. Amer. Ceramic Soc., 
24: 131-37, Apr. 1941. 


The Public Health Applications of High- 
Speed Photography, C. E. Turner, M. W. 
Jennison and H. E. Edgerton, Amer. J. 
Public Health, 31: 319-24, Apr. 1941. 


Stopping Motion for Design Data, K. D. 
Moslander, Machine Design, 13: 51-54, 
June 1941. 


Tools Seen in Slow Motion; G. E. Engineers 
Find High-Speed Photography Useful in 
Answering Questions on Chip Formation, 
L. T. Weller and E. M. Watson, Amer. 
Machinist, 85: 689-92, July 1941. 


Photographic Study of A. C. Ares in Flowing 
Liquids, J. Slepian and T. E. Browne, Jr., 
Elec. Eng., 60: 823-38, Aug. 1941. 

Diesel Nozzle Spray: A Procedure for Deter- 
mining Discharge Characteristics, H. F. 
Bryan, Automobile Eng., 31: 337-40, 
Oct. 1941. 

Aids for Analyzing High-Speed Action, E. M. 
Watson, Gen. Elec. Rev., 44: 549-57, Oct. 
1941. 

The Direct Measurement of Lightning Cur- 
rent, J. W. Flowers, J. Franklin Inst., 232: 
425-50, Nov. 1941. 

High-Speed Photography Aids in Metal- 
Cutting Tests, Pop. Phot., 9: 87, Nov. 
1941. 

High-Speed Photography and Its Applica- 
tion to Industrial Problems, E. D. Eyles, 
J. Sci. Instr., 18: 175-84, Sept. 1941; 
244, Dec. 1941. Abridged in: J. Brit. 
Kinemat. Soc., 5: 114-27, Oct. 1942. 

Study of High-Speed Photography of Com- 
bustion and Knock in a Spark-Ignition, 
C. D. Miller, Report #727 of Nat. Advisory 
Committee for Aeronautics, 23 pp., 1942. 

Elektrophoretic and Ultracentrifugal Analy- 
sis of Hay-Fever-Producing Component of 
Ragweed Pollen Extract, H. A. Abramson, 
D. H. Moore and H. H. Gettner, J. Phys. 
Chem., 46: 192-203, Jan. 1942. 

Visual Studies of Flow Patterns, E. A. Hauser 

and D. R. Dewey, J. Phys. Chem., 46: 

212-13, Jan. 1942. 
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The Air Corps’ Newest Camera Gun, R. N. 
Haythorne, Amer. Cinemat., 23: 11, 37-38, 
Jan. 1942. 

Lip Vibrations in a Cornet Mouthpiece, 
D. W. Martin, J. Acoustical Soc. Amer., 
13: 305-8, Jan. 1942. 


Balancing of Locomotive Reciprocating 
Parts, E. 8. Cox, Engineering, 153: 36-38, 
Jan. 9, 1942. 

Shutters and Cutters. High-Speed Motion- 
Picture Photography Used in Study of 
Machine-Tool Cutting Edges, B. L. 
McKenzie, Sci. Amer., 166: 60-62, Feb. 
1942. 


A Method of Recording Low-Intensity 
Flashes of Light, C. Butt and R. 8S. Alex- 
ander, Rev. Sci. Instr., 18: 151-53, Apr. 
1942. 


“Shooting” for Keeps, C. J. Duncan, Mini- 
cam, 6: 64-67, May 1942. 

Photographers Play with Lightning, J. W. 
Gillon, J. Phot. Soc. Amer., 8: 217-23, 
May 1942. 


High-Speed Photographic Analysis of Metal 
Cutting, Machinery (London), 60: 521-22, 
June 4, 1942. 


The Production of Elastic Waves by Explo- 
sion Pressures, II.,. J. A. Sharpe, Geo- 
physics, 7: 311-21, July 1942. (A cathode- 
ray oscilloscope was used with ultraspeed 
film photosensitized with mercury.) 


Gun Camera Trains Pilots, Pop. Phot., 11: 
32, 72-73, Sept. 1942. 


Decay of Vibration Phenomena of Glass 
Bars, J. G. McCann, J. Amer. Ceramic 
Soc., 26: 409-13, Oct. 1, 1942. 


The Determination of an Unknown Fre- 
quency from a Photographic Record, M. 
Scott, Electronic Eng., 15: 243, Nov. 
1942. 


The Photographic Analysis of Motion, E. R. 
Davies, Proc. Roy. Inst. Great Britain, 32: 
384-98, Dec. 1942. 


Photographic Striation Methods Applied 
to the Supersonic Wind Tunnel of the 
E. T. H., Zurich, P. de Haller, Z. T. H. 
Proceedings, 44-49, #8, 1943. 


Identification of Knock in NACA High- 
Speed Photographs of Combustion in a 
Spark-Ignition Engine, C. D. Miller and 
H. Lowell Olsen, National Advisory Com- 
mittee for Aeronautics. Report $761, 1943. 

Speedlamp, M. L. Sandell, Complete Phot., 
9: 3281-88, Issue 51, 1943. 

Applications of Photography in SLipbuilding 
and Engineering, F. J. Tritton, Trans. 
Inst. Engineers and Shipbuilders in Scot- 
land, 86: 135-64, #6, 1943. 


Visualizing High-Speed Action, E. M. Wat- 
son, Business Screen Mag., 4: 22-6, #8, 
1943. 


Recording Unit for Strain and Timing Func- 
tions, J. H. Meier, Electronics, 16: 79-83, 
114, Apr. 1943. 


Air Flow Visualization Opens New Avenues 
of Research, E. J. Saxl, Aviation, 42: 
148-51, 325, 329, Apr. 1943. 


Photographs of Sprays May Increase Gaso- 
line Mileage, Commercial Phot., 18: 246, 
Apr. 1943. (Camera used to determine 
size of drops entering engine of car.) 


Simple Time Base for a 7 Cine 
Camera, E. D. Eyles, J. . Instr., 20. 
114-15, July 1943. 


Some Applications of High-Speed Photog- 
raphy, E. D. Eyles, Phot. J., 83: 261- 
65, July 1943. 


120,000 Frames per Second, F. Luther, 
Minicam Phot., 7: 36-47, Sept. 1943. 


An Inexpensive Stroboscope for High-Speed 
Photography, 8S. Silverman and W. H. 
Warhus, Rev. Sci. Instr., 14: 273-75, 
Sept. 1943. 


Effect of High-Intensity Arcs upon 35-mm 
Film Projection, E. K. Carver, R. H. Tal- 
bot and H. A. Loomis, Jour. SMPE, 41: 
69-87, July 1943; Int. Projectionist, 18: 
10-12, Sept. 1943; 12-14, 19, Oct. 1943. 


Four-Microsecond Flash Unit, Electronics, 
16: 144, 146, Oct. 1943. 


The Photographic Determination of Flame 
Temperatures in Closed-Vessel Explosions, 
A. 8S. Leah, Phil. Mag. (7), 38: 795-803, 
Dec. 1943. 


Technique of Stroboscopic Studies of Insect 
Flight, C. M. Williams, Science, 98: 
522-24, Dec. 1943. 


Examination of the Bursting Test by High- 
Speed Cinematography, H. A. Harrison 
and G. F. Underhay, Proc. Tech. Sect. 
Paper Makers’ Assn., 26: 273-79, 1944. 


Study of High Explosives by High-Speed 
R. W. Cairns, Ind. Eng. 
Chem., 36: 79-85, Jan. 1944. 


amen Research Progress at the Armour 
Research Foundation 1942-43: High- 
Speed Photography, Chem. Eng. News, 22: 
29, Jan. 10, 1944. 
Camera Records High Speeds, A. L. Gale, 
Movie Makers, 19: 54, 76-78, Feb. 1944. 
High-Speed Movement, Aircraft Production, 
6: 125-28, Mar. 1944. 

Movies of Bullets, R. H. Bailey, Amer. Cine- 
mat., 26: 11, Apr. 1944. (Aerial gun 
camera.) 


Bibliography on High-Speed Photography 107 


| 
4 
= 
| 
; 
‘a | 
i 
} 
| 
| 
q 
| 
a 
& 
ed 


Cameras Synchronized with Guns Record 
Hits of Aerial Gunners, Phot. Trade News, 
8: 23-24, Apr. 1944. 

Rate of Rise of Water in Capillary Tubes, 
W. A. Rense, J. Appl. Phys., 15: 436-37, 
May 1944. 

On the Destructive Action of Cavitation, 
M. Kornfeld and L. Suvorov, J. Appl. 
Phys., 165: 495-506, June 1944. 

Photographic Study of the Retraction of 
Stressed Rubber, B. A. Mrowea, 8. L. 
Dart and E. Guth, Phys. Rev., 66: 32--33, 
July 1 and 15, 1944. 

Persistence of Luminosity in Air, J. J. O’Do- 
herty, Nature, 154: 339, Sept. 9, 1944. (32 

frames per sec.) 

Aids for Pictorially Analyzing High-Speed 
Action, E. M. Watson, Jour. SMPE, 43: 
267-88, #4, Oct. 1944. 

Harnessing Time and Motion for Industrial 
Research, H. D. McLarty, Iron and Steel 
Eng., 21: 70-73, Dec. 1944. 

Possibilites industrielles d’un laboratorie 
de photographie et cinématographie ultra- 
rapides, P. Fayolle, Trav. et mem. du labora- 
torie central des ind. mech., 17-25, #1, 1945. 

Retraction and Stress Propagation in Na- 
tural and Synthetic Gum and Tread 
Stocks, B. A. Mrowcea, S. L. Dart and E. 
Guth, J. Appl. Phys., 16: 8-19, Jan. 
1945. 

Photographing the Invisible, A. M. Lavish, 
Minicam Phot., 8: 22-24, #5, Feb. 1945. 

A Special Problem in Time-Microscopy, H. 
M. Lester, J. Phot. Soc. Amer., 11: 65-68, 
Feb. 1945. 

Samuel Slater Memorial Textile Research 
Laboratory, E. R. Schwarz, Teztile Re- 
search J., 16: 33-36, Feb. 1945. 

Formation of Metal-Sprayed Deposits, W. E. 
Ballard, Proc. Phys. Soc. (London), 47: 
67-83, Mar. 1945. 

Photography as Applied to Textile Research, 
C. W. Bradley, J. Soc. Dyers and Colour- 
ists, 61: 61-64, Mar. 1945. (Electric 
spark used at Shirley Inst. Also mentions 
cathode-ray briefly.) 

How Does a Fly Land on the Ceiling, E. D. 
Eyles, Proc. Roy. Entomolog. Soc. London, 
20A: 14-15, Pts. 1-3, Mar. 1945. 

Triggering Speedlights, A. Palme, Amer. 
Phot., 39: 34-36, May 1945. 

How High-Speed Photography Aids in Re- 
designing, W. 8. Calvert and H. D. Jackes, 

Machine Design, 16: 133-38, Feb. 17, 
1945; Brit. J. Phot., 92: 198, June 15, 
1945. 

High-Speed Linear Photography, E. N. 

Harvey and F. J. M. Sichel, J. Cell. 
Comp. Physiol., 25: 175-79, June 1945. 
Modern Measurement of Projectile Speeds, 
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T. H. Johnson, Electronic Ind., 4: 82-85, 

170, 174, 178, 182, 186, 190, July 1945. 

High-Speed Cinematography, F. C. Johan- 
sen, J. Inst. Mech. Eng., 152: 224~25, 
Sept. 1945. 

The Recording of Strain by the “Parallel 
Resonance”’ Method, H. J. Beach, Elec- 
tronic Eng., 17: 737, Oct. 1945. 

Aerodynamic Performance of Small Spheres 
for Subsonic to High Supersonic Velocities, 
A. C. Charters and R. N. Thomas, J. 
Aeronautical Sci., 12: 468-76, Oct. 1945. 

Cinematographic Indicator for Locomotive 
Engine Cylinders, G. Bohl, Engineers’ 
Digest, 2: 602-4, Dec. 1945 (taken from 
Rev. gen. des chemin de fer, 63: 137-44 
Nov.-Dec. 1944). 

Slow-Motion Study of Injection and Com- 
bustion of Fuel in a Diesel Engine, C. D. 
Miller, S. A. E. Journal, 53: 719-35, 
Dec. 1945. 

Photoballistic Method of Studying Very 
Short Bursts of Light (In Russian), V. 
A. Tsukerman, Bull. Acad. Sci. (USSR), 
Dept. Sci. Tech., #6: 863-74, 1946. 

A Combined Method for Photographing Very 
Rapid Processes (In English), V. A. Tsuk- 
erman, Compt. rend. (Doklady), acad. sci. 
(USSR), 53: 319-21, #4, 1946. 

Relation between Spark-Ignition Engine 
Knock Detonation Waves and Autoigni- 
tion as Shown by High-Speed Photography, 
C. D. Miller, National Advisory Committee 
for Aeronautics—Wartime Report #E-238, 
1946. (P.B. 96,956 issued in 1949.) 

Apparatus for Stroboscopic Observations, 
S. L. deBruin, Philips Tech. Rev., 8: 25-32, 
Jan. 1946. (A stroboscope of an argon gas 
discharge lamp and electric apparatus for 
condenser discharges.) 

How a Bullet Shatters Glass, A. Palme, 
Amer. Phot., 40: 14-15, Jan. 1946. 

Electronic Timing of Sequence Photographs. 
C. H. Coles, Electronic Ind., 5: 74-76, 
Feb. 1946. 

Materials in Action as Seen by the High- 
Speed Camera, K. Rose, Materials and 
Methods, 23: 414-17, Feb. 1946. 

Single-Blow Impact Test for Cast Iron, A. 
B. Everest, J. W. Grant and H. Morrogh, 
Engineering, 161: 117-20, Feb. 1, 1946. 

Specialized Photography Applied to Engi- 
neering in the Army Air Forces, P. M. 
Thomas and C. H. Coles, Jour. SMPE, 
46: 220-30, Mar. 1946. (High-speed mo- 
tion pictures, high-speed still pictures, spe- 
cial recording devices.) 

High-Speed Photographs of Under-Water 

Explosions, D. S. Senior, Phot. J., 86B: 

25-31, Jan.Feb. 1946; cf. Chem. Prod- 

ucts, 9: 52-58, Mar.—Apr. 1946 and Elec- 

tronic Eng., 18: 133-35, May 1946. 
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Initial Stages of the Explosion of Nitrogly- 
cerine, R. G. Vines and M. F. R. Mul- 
ecahy, Nature, 157: 626, May 11, 1946. 

Photographic Uses of Electrical Discharge 
Flash-Tubes, H. E. Edgerton, J. Opt. Soc. 
Amer., 36: 390-99, July 1946. 

““_-And Here Are the Pictures That Show 
It!” (Rifle Recoil after Shot Is Fired), 
C. H. Hopkins, Phot. Age, 1: 16-17, #1, 
July 1946. 

You Can Advance Your Industrial Research 
and Production with High-Speed Motion 
‘Pictures, Phot. Age, 1: 34-37, 58, July 
1946. 

Instrument for Investigating the Operation 
of Camera Shutters, D. R. Dighton and 
H. M. Ross, Phot. J., 86B: 110-16, Sept.— 
Oct. 1946. 

Fastax at Bikini, J. H. Waddell, Bell Lab. 
Record, 24: 358-62, Oct. 1946. 

Greatest Photographic Organization in His- 
tory. Shot Bikini Blast, G. Warrenton, 
Amer. Cinemat., 27: 352, 383, Oct. 1946. 

Measuring Temperatures by Photography, 
J. H. Hall, Phot. Trade Bull., 7: 619, Oct. 
1946. (Exposures of 1.3 milliseconds re- 
vealed formations in steel.) 

How the Atom-Bomb Tests Were Photo- 
graphed (Operation Crossroads), H. L. 
Hansen and D. P. Schiedt, U. S. Camera, 
9: 16-19, 42, 48, Oct. 1946. 

Action—in a Split Second, U. S. Camera, 9: 
15, Nov. 1946. (Hockey games. Lighting 
mentioned.) 

Roles of Detonation Waves and Autoigni- 
tion in Spark Ignition Engine Knock as 
Shown by Photographs Taken at 40,000 
and 200,000 Frames per Second, C. D. 
Miller, Trans. Soc. Automotive Eng., 1: 
98-143, Jan. 1947; abridged in J. Soc. 
Automotive Eng., 54: 34-35, Oct. 1946. 

Photographic Analysis of Performance, G. A. 
Jones, Phot. J., 87B: 7-12, Jan.—Feb. 
1947. 

Proceedings of the Thirteenth Annual Meet- 
ing (of the Amer. Soc. of Photogram- 
metry: Photography at Operation Cross- 
roads), P. T. Cullen, Photogrammetric 
Eng., 13: 95-100, Mar. 1947. 

Spread around the Initiating Point of the 
Detonation Wave in High Explosives, 
Nature, 159: 402, Mar. 22, 1947. 

Cathode-Ray Tube Shutter-Testing Instru- 
ment, D. T. R. Dighton and H. McG. 
Ross, J. Sci. Instr., 24: 128-33, May 1947, 

The Shadowgraph Recording Method, D. L. 
Supernaw, Instruments, 20: 532-35, June 
1947. 

Special Cameras and Flash Lamps for High- 
Speed Underwater Photography, R. T. 
Knapp, Jour. SMPE, 49: 64-82, July 
1947. 
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Photography in Engine Research, H. D. 
Goulding, Aircraft Production, 9: 283-87, 
Aug. 1947; 338-42, Sept. 1947. 

High-Speed Photography. Pt. I. External 
Surfaces and Opaque Objects, G. A. 
Hawkins and C. E. Balleisen, Machine 
Design, 19: 127-33, Aug. 1947; Pt. II. 
Radiography and Motion Pictures, Ma- 
chine Design, 19: 121-26, Sept. 1947. 

Measuring Pressures of Industrial Explo- 
sions, N. J. Thompson and E. W. Clusins, 
Electronics, 20: 90-93, Nov. 1947. 

Velocity of Detonation of a Tubular Charge 
of Explosive, D. W. Woodhead, Nature, 
160: 644, Nov. 8, 1947. 

High-Speed Movie Solves Tricky Problem in 
Perfecting High-Pressure Hydraulic Trans- 
mission, 8. G. Guins, Machine Design, 19: 
126-28, Dec. 1947. 

Underwater Explosions, R. H. Cole, Prince- 
ton University Press, Princeton, pp. 210- 
28, 1948. (On photography of underwater 
explosions.) 

The Use of High-Speed Motion Pictures in 
Ordnance Research, J. E. Brock, abridg- 
ment in: Proc. Indiana Acad, Sci., 57: 
183-85, 1948. (Uses Fastax Camera.) 

Kinematographie und vollautomatische Se- 
rienaufnahmen schnellverinderlicher Elek- 
troneninterferenzen, G. Mdllenstedt, Op- 
tik, 3: 68-74, #12, 1948. 

Film Solves Mystery as to How a Fly Flies, 
Film World, 4: 39, 54, Jan. 1948. 

Photographic Techniques of Combustion 
Research, L. Beral and W. T. Cooper, 
Fuel, 27: 10-18, Jan.—Apr. 1948. 

A Cinema-Spectrograph for Photographing 
Rapid Spectral Sequences, R. C. Herman 
and 8. Silverman, J. Opt. Soc. Amer., 38: 
209-11, Feb. 1948. 

High-Speed Motion Pictures with Synchro- 
nized Multiflash Lighting, R. A. Anderson 
and W. T. Whelan, Jour. SMPE, 50: 109- 
208, Mar. 1948. 

Looking at Flash, E. L. Auld, Pop. Phot., 
22: 58-59, 164-68, Mar. 1948. 

Electronic Stroboscopes, A. E. Crawford, 
Aircraft Production, 10: 101-2, Mar. 1948. 
(Basic operating principles of short dur- 
ation flash equipment as alternative to high- 
speed photography.) 

Circus Action in Color, H. E. Edgerton, 
National Geographic Mag., 43: 305-8 and 
plates, Mar. 1948. 

Electronic Flashtube Illumination for Spe- 
cialized and Motion Picture Photography, 
H. M. Lester, Jour. SMPE, 50: 208-32, 
Mar. 1948. 

Microflash Unit for Ballistic Photography, 
W. W. McCormick, L. Madansky and 
A. F. Fairbanks, J. Appl. Phys., 19: 221- 
25, Mar. 1948. 
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Photography in the Study of Fibers and 
Textiles, C. W. Bradley, Fibres, 9: 45-49, 
95-98, 138-41, Feb., Mar., Apr. 1948. 

High-Speed Photography of Welding Arcs, 
F. Brailsford and K. F. Shrubb, J. Sct 
Inatr., 26: 211-13, June 1948. 

Motion Picture Photography of Television 
Images, R. Fraser, RCA Rev., 9: 202-17, 
June 1948. (Used to record television 
transmissions from cameras in aircraft and 
guided missiles.) 

Knocking Combustion Observed in a Spark- 
Ignition Engine with Direct and Schlieren 
High-Speed Motion Pictures and Pressure 
Records, G. E. Osterstrom, National Ad- 
visory Committee for Aeronautics, Tech. 
note #1614, June 1948. 

Photographic Tracking of Guided Missiles, 
L. M. Biberman, 8S. E. Dorsey and D. L. 
Ewing, Electronics, 21: 92-95, July 1948. 

Tracking Rockets, M. Mann, Ordnance, 32: 
23-25, July—Aug. 1948. 

High Speed Photographs of Water Jet in 
the End-Quench Test, R. A. Buchanan, 
Metal Progress, 54: 180-81, Aug. 1948. 

Aids to Analysis of Patterns Obtained in the 
Diffraction of Electrons by Gases, H. J. 
Yearian and W. M. Barss, J. Appl. Phys., 
19: 700-4, Aug. 1948. 

Measurement of the Temperature of Sliding 
Surfaces with Particular Reference to Rail- 
way Brake Blocks, R. C. Parker and P. R. 
Marshall, Proc. Inst. Mech. Eng., 158: 209- 
29, Sept. 1948. 

Highlights and Side Lights: Photographs at 
High Speed, Gen. Elec. Rev., 51: 47-48, 
Sept. 1948. 

How the Camera Solves Tough Plant Prob- 
lems, Modern Industry, 16: 50-53, Sept- 
1948. (General discussion on uses, lamps, 
etc.) 

Full Scale Free-Flight Ballistic Measure- 
ments of Guided Missiles, L. A. Delasso. 
L. G. DeBey and D. Reuyl, J. Aeronautical 
Sci., 16: 606-15, Oct. 1948. 

High-Speed Photography, A Useful Tool, E- 
P. Wightman, PSA Jour., 14: 668, Nov- 
1948. 

Underwater Photographs of Flow Patterns 
for Surface Vessels, W. H. Sutherland, 
Marine Engineering, 58: 64-67, Oct. 1948; 
ef. Mech. Eng., 70: 1004-5, Dec. 1948. 

The Flash-tube and Its Applications, J. N- 
Aldington and A. J. Meadowcroft, J. Inst. 
Elec. Eng., 95: 671-81, Pt. 2, Dec. 1948. 

A Working Manual for Spark Shadowgraph 
Photography, B. S. Melton, R. Prescott 
and E. L. Gayhart, Bumblebee Series, 

Report #90, Johns Hopkins University, 

Applied Physics Laboratory, Dec. 1948. 
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Electronic Flash (Gas Discharge) Tube in 
Photography of the Anterior Segment of 
the Eye, R. R. Trotter and W. M. Grant, 
Arch. Ophthalmology, 40: 493-96, Nov. 
1948. 

The Film in Scientific Research, G. A. Jones, 
British Sci. News, 2: 235-38, #20, 1949. 
(Photoelastic patterns in a railway line and 
chair; cylinder of combustion engine.) 

Photographs at 500,000 frames per Second of 
Combustion and Detonation in a Re- 
ciprocating Engine, T. Male, pp. 721-26, 
in: Third Symposium on Combustion and 
Flame and Explosion Phenomena, Williams 
& Wilkins, Baltimore, Md., 1949. 

Technique for the Optical Measurement of 
Turbulence in High-Speed Flow, L. 8. G. 
Kovasznay, pp. 211-222, in: Heat Trans- 
fer and Fluid Mechanics Institute, 1949. 
= Society of Mechanical Engineers, 

Use of High-Speed Photography in the Air 
Forces, E. A. Andres, Sr., Jour. SMPE, 
&2: 81-89, Mar. Pt. 2, 1949. 

Applications of High-Speed Photography, 
M. Beard, Jour. SMPE, 652: 97-106, 
Mar. Pt. 2, 1949. 

Control Unit for Operation of High-Speed 
Cameras, L. L. Neidenberg, Jour. SMPE, 
52: 107-9, Mar. Pt. 2, 1949. 

Methods of Analyzing High-Speed Photo- 
graphs, W. 8S. Nivison, Jour. SMPE, 
52: 49-60, Mar. Pt. 2, 1949. 

High-Speed Photography in the Automotive 
Industry, R. O. Painter, Jour. SMPE, 6&2: 
90-96, Mar. Pt. 2, 1949. 

High-Speed Photographic System Using 
Electronic Flash Lighting, W. T. Whelan, 
Jour. SMPE, 6&2: 116-29, Mar. Pt. 2, 
1949. 

Electrical-Flash Photography, H. E. Edger- 
ton, Jour. SMPE, 52: 8-23, Mar. Pt. 2, 
1949. 

High-Speed and Time-Lapse Photography 
in Industry and Research, H. M. Lester, 
Jour. SMPE, 52: 71-80, Mar. Pt. 2, 1949. 

Splashes from Underwater Explosions, H. 
Kolsky, J. P. Lewis, M. T. Sampson, A. 
C. Shearman and C. I. Snow, Proc. Roy. 
Soc., 196A: 379-401, Apr. 7, 1949. 

A Visual Method for Demonstrating the Path 
of Ultrasonic Waves through Thin Plates 
of Material, C. J. Burton and R. B. Barnes, 
J. Appl. Phys., 20: 462-67, May 1949. 
(Photographs show reflection and trans- 
mission by metal plates.) 

Johns-Manville Research Center Uses High- 
Speed Photography as a Scientific Tool, 
Ted Czarda, Phot. Age, 4: 15-16, May 
1949. 
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Film Recording of Television Transmissions 
for the Purpose of International Pro- 
gram Exchanges (in French), Y. L. Del- 
bord, Ann. Telecommun., 4: 190-201, 
June 1949. 

New Photographic Technique for Observ- 
ing Velocity Fields in Water Induced by 
the Entry of Solid Missiles, G. Birkhoff 
and T. E. Caywood, J. Appl. Phys., 20: 
646-59, July 1949. 

Analyzing Equipment Operation by Photo- 
graphic Measurement Techniques, 8S. M. 
Keen, Product Eng., 20: 119-22, July 1949. 

The Recording of Optical Transients, H. A. 
Prime, Proc. Inst. Elec. Eng., 96: Pt. 
II: 662-70, Aug. 1949. 

The Dynamics of Cavitation Bubbles, M. 
S. Plesset, J. Appl. Mech., 16: 277-82, 
Sept. 1949. 

Auroral Radiation in the 3,000-Megacycle 
‘Region, P. A. Forsythe, W. Petrie and 
B. W. Currie, Nature, 164: 453, Sept. 10, 
1949. 

The Propagation of Flame. Studies of 
Shadow Cones and Bubble Effects, J. W. 
Linnett, Chem. Age, 61: 345, Sept. 10, 
1949. (Report of a lecture before the British 
Association.) 

Photographic Techniques in Combustion 
Research, L. Beral, Phot. J., 89B: 98- 
107, Sept.—Oct. 1949. 

Repeating Flash, J. N. Aldington, Functional 
Phot., 1: 14-17, Oct. 1949. (Used for 
flight of bullets and birds.) 

Shock Waves, Otto Laporte, Sci. Amer., 181: 
14-18, #5, Nov. 1949. 

Recent British Equipment and Technique 
for High-Speed Cinematography, G. A. 
Jones and E. D. Eyles, Jour. SMPE, 68: 
502-14, Nov. 1949. 
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X-Ray Photographs with Extremely Short 
Exposure Times, W. J. Oosterkamp, 
Philips Tech. Rev., 5: 22-25, Jan. 1940. 

Ultra-Speed Radiography, L. F. Ehrke and 
C. M. Slack, Photo Technique, 3: 53-55 
Jan. 1941. 

Medical Physics, O. Glasser, ed., Year Book 
Publishers, Inc., Chicago, 1944; Radi- 
ography at High Speed by C. M. Slack, 
pp. 1185-87. 

One-Millionth-Second Radiography, C. M. 
Slack, J. Phot. Soc. Amer., 11: 302-6, 
Sept. 1945. 

Methods of Synchronization for i Brief 
X-Ray Exposures (In Russian), G. M. 
Strakhovskii and V. A. Tsukerman, oo 
Acad. Sci. (USSR), Dept. Sci. Tech. 
371-84, 1946. 
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Exposure Meter for High-Speed Photog- 
raphy, E. T. Higgons, Jour. SMPE, 63: 
545-48, Nov. 1949. 

Measuring Shock with High-Speed Motion 
Pictures, J. T. Muller, Jour. SMPE, 653: 
579-87, Nov. 1949. 

High-Speed Motion Pictures in Full Color, 
F. M. Tylee, Jour. SMPE, 58: 588-93, 
Nov. 1949. 

Light-Meter Uses with Electronic Flash, H. 
E. Edgerton, PSA Jour. Pt. 2, 1: 6-10, 
Jan. 1950. (Photographic Science and 
Technique.) 

Flash Photolysis and Spectroscopy. A New 
Method for the Study of Free Radical 
Reactions, G. Porter, Proc. Roy. Soc., 
200A: 284-300, Jan. 6, 1950. 

Underwater Photography, J. B. Collins, 
Phot. J., 90B: 24-31, Jan.—Feb. 1950. 

Measurement of Normal Burning Velocities 
of Propane-Air Flames from Shadow 
Photographs, J. W. Andersen and R. 8. 
Fein, J. Chem. Phys., 18: 441-43, Apr. 
1950. 

High-Speed Motion Pictures in Textile Re- 
search, E. K. Fischer and J. C. Burnett, 
Textile Research J., 20: 259-69, Apr. 1950. 


Motor Racing Photography, G, C. Monk- 
house, Photographic J., 90A: 149-155, 
May 1950. 

Streak Photography, I. Vigness and R. C. 
Nowak, J. Appl. Phys., 21: 445-48, 
May 1950. 

The Infra-Red Photographic Evaluator, 
S. Horsley, Amer. Cinemat., 31: 196, 211- 
13, June 1950. 

The Pressurized Ballistics Range at the Naval 
Ordnance Laboratory, L. P. Gieseler, Jour. 
SMPTE, 56: 53-59, July 1950. 
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One-Millionth-Second Radiography and Its 
Applications, C. M. Slack and D. C. 
Dickson, Proc. Inst. Radio Eng., 35: 600-6, 
June 1947. 

A New Apparatus for Direct Cineroent- 
genography, A. S. Gidlund, Acta Radio- 
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New Developments in X-ray Motion Pic- 
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A and B Windings of 16-Mm Raw-Stock Film 
With Perforations Along One Edge 


THe Proposep American Standard for 
Winding of 16-Mm Sound Film, was 
published as a first draft in the Septem- 
ber, 1949, JournaL. While that was the 
first time that winding 16-mm sound 
film had been proposed for adoption as 
an American Standard, the proposals 
were practices already followed by the 
film manufacturers for a number of 
years. It should also be noted that, in 
1941, the Society recognized the method 
of designating the two types of windings 
by publishing a Society recommendation, 
and that recommendation was substan- 
tially repeated in the first draft for this 
proposed standard. 

As a result of publishing the first 
draft, comments were received which 


indicated ambiguity in the original 
wording; therefore, a second draft was 
prepared by the 16-Mm and 8-Mm 
Committee in January, 1950. That 
draft was sent to ballot of the 16-Mm 
and 8-Mm Committee in April, 1950. 
Only minor editorial comments were 
received and, therefore, this proposal 
is again being published for 90-day trial 
and comment (see page opposite). 

It is believed this standard fills a 
recognized need for uniform ways of 
designating the direction of winding of 
16-mm sound film. It is definitely not 
the intent of this standard to indicate 
any preference in the direction of wind- 
ing, since existing equipments are de- 
signed to use both styles. 


Revised American Standard Z22.4.0-1950 
Sound Records and Seanning Area 
of 35-Mm Sound Motion Picture Prints 


THIS STANDARD originated as an Ameri- 
ean War Standard, Z52.36-1945. It 
was reapproved as American Standard, 
Z22.40-1946, in March, 1946 and pub- 
lished in the April, 1946 JournaL. How- 
ever, in the republishing process, a 
minor drafting error occurred. The 


112 


arrow pointing to the outer edge of the 
printed area fell slightly short of the 
outer edge. This revised standard, 
Z22.40-1950, corrects that error and is 
thus being published now as originally 
intended (see p. 114). 
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Proposed American Standard 


AandB Windings of 16MmRaw-Stock Film 
With Perforations Along One Edge 


(Second Draft) 


The purpose of this standard is to insure a 
uniform method of designating the types of 
winding (location of the perforated edge) in 
current use for 16-mm raw-stock film having 


When a roll of 16-mm raw stock perforated 
along one edge is held so that the outside end 
of the film leaves the roll at the top and 
toward the right, winding A shall have the 
perforations along the edge of the film toward 
the observer, and winding B shall have the 
perforations along the edge away from the 


perforations along one edge, thus to facilitate 
ordering and describing the film. 

With both types of winding described be- 
low, the emulsion side of the film shall face 
the center of the roll. 


observer. In either case, if the film is wound on 
a spool with a square hole in one flange and a 
round hole in the other flange, the square hole 
shall be on the side away from the observer. 


No preference for either type of winding is 
implied since both types are required for use 
on existing equipment. 
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American Standard 
Dimensions and Locations for 222.40-1950 
Sound Records and Scanning Area Revision of 


of 35-Millimeter Sound Motion Picture Prints sUDC 778.534.4 


+—GUIDED EDGE 


0.1922 in 
AREA PRINTED 468 +002MM 
IN SOUND PRINTER 


0.30529:002 
775 21005 MM 


SHADED AREA TO BE EFFECTIVELY 
OPAQUE ON PRINT 


VARIABLE AREA 
AND MATTED 
VARIABLE DENSITY 
RECORDS 


| 0.2431 0.002 
SHADED AREA TO BE EFFECTIVELY + | CIT £005 MM 
OPAQUE ON PRINT J 


FULL WIDTH 
VARIABLE DENSITY WIDTH OF 
RECORD oO SOUND RECORD 


O 


¢ SCANNED AREA 


4 
q 


| 0.2430-001 
617+ MM 
AREA SCANNED BY wotHor 
REPRODUCER 2.13 $002 MM 


HEIGHT OF 0.0012 78 S88? in 


SCANNED AREA | 0.030* aan MM 


Distance Between Sound and Corresponding Picture — The sound shall pre- 
cede the center of the corresponding picture by a distance of 20 + 1 frames. 


These Dimensions and Locations Are Shown Relative to Unshrunk Raw Stock. 


*The only change in this standard over the 1946 edition is the correct posi- 
tioning of the arrows on the dimensions marked *. 


Approved October 6, 1950, by the American Standards Association, Incorporated 
Sponsor: Society of Motion Picture and Television Engineers tu 1 Decimal Classifcati 


Copyright, 1950, by American Standards Association, Inc.; reprinted by permission of the copyright holder. 
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Edge Numbering 16-Mm Motion Picture Film 


Tue Proposep American Standard for 
Edge Numbering 16-Mm Motion Pic- 
ture Film has been under discussion for 
several years. In the original discus- 
sions, neither the 16-frame nor the 40- 
frame interval could be unanimously 
chosen forastandard. The laboratories 
producing 16-mm prints from original 
35-mm material were desirous of retain- 
ing the 16-frame interval, while those 


working from original 16-mm film pre- 
ferred 40-frame separation of the 
numerals. In the latter part of 1949, 
there was further discussion in an at- 
tempt to establish the 40-frame interval 
as a standard. Consequently, this pro- 
posed standard has been written to 
make 16-mm edge numbering optional, 
but specifying that the 40-frame interval 
is preferred. 


Proposed American Standard 


Edge Numbering 16-Mm 
Motion Picture Film 


The purpose of this standard is to establish 
a uniform practice with respect to the interval 
between edge numbers when they are latent- 
image printed on 16-mm raw-stock film. It is 
not intended to imply that all 16-mm film 
should be edge-numbered. 


The distance between consecutive numbers 
shall be 40 frames. Thus, the numbers will indi- 
cate film footage, subject to a small correction 
for shrinkage of the film. 
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Tentative Recommendations 
for 16-Mm Review Rooms 


and Reproducing Equipment 


Foreword 


E TENTATIVE RECOMMENDATIONS 
| included herewith are the result of 
extensive work carried on by a Sub- 
committee of the 16- and 8-Mm Com- 
mittee under the Chairmanship of E. 
W.D’Arcy. It should be clearly under- 
stood that this is not a final Society 
recommendation, but rather that it is an 
interim report of the committee. The 
proposal is being published at this stage 
to make the information available to 
those who have use for it and to invite 
additional comments and discussion. 

At the outset it was agreed that the 
primary objective of the subcommittee 
was to establish a primary listening 
standard for gaging 16-mm print qual- 
ity. This decision was reached only 
after lengthy discussion regarding the 
possibility of actually specifying the 
ideal over-all response characteristic of 
16-mm portable projection equipment. 
To accomplish this end, however, ap- 
peared to be an insurmountable problem 
because of variation in response of the 
portable-type loudspeakers and the 
varying conditions under which the 
equipment is used. 

The problem, therefore, was ap- 
proached from the other direction, 
namely of trying to improve and make 


Third draft, dated November 15, 1950, 
edited and presented for publication on 
January 2, 1951. 


more uniform 16-mm_ release prints. 
It then would be left to the 16-mm pro- 
jector manufacturers to adjust their 
equipment in any way they saw fit to 
best reproduce these prints. 

In reaching this objective, listening 
tests were conducted employing various 
wide-range two-way speaker systems 
as well as portable speakers normally 
used with 16-mm projectors. For those 
listening tests a wide selection of 16- 
mm release material was reproduced on 
these systems using a number of sug- 
gested frequency characteristics. 

As the testing progressed, it became 
more and more evident that: 

First, modification of the reproducer 
frequency characteristics from those 
recommended for 35-mm theater use by 
the Motion Picture Research Council 
produced little if any significant im- 
provement in the reproduction of 16-mm 
prints. 

Second, if a 16-mm print reproduced 
well, employing the 35-mm_ theater 
systems, it also reproduced well on a 
conventional 16-mm projector employ- 
ing small portable-type loudspeakers. 

Therefore, rather than try and es- 
tablish any particular electrical char- 
acteristic and portable-type speaker as 
a recommended review room system, 
it was agreed to accept those char- 
acteristics recommended for theater 
use, since many of the present 16-mm 
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producing companies and _ processing 
laboratories already have 35-mm sys- 
tems in their review rooms which can 
readily be modified for the 16-mm re- 
production. 

The frequency-response characteris- 
tics shown on the following pages are 
identical with those established by the 
Motion Picture Research Council for 


1.1: The purpose of this standard is 
to facilitate the production of 16-mm 
films having sound tracks of high, 
uniform quality. It is believed that the 
best way to attain this objective is to 
establish a reference system for judging 
the quality of the sound from 16-mm 
films. Such a system requires: 

(a) a sound reproducer having stand- 
ardized over-all electrical frequency- 
response characteristics, 

(b) a projector of high quality, and 

(c) a review room having good acous- 
tical properties.' 


use in reproducing 35-mm sound films in 
motion picture theaters. 

There are theater-type speakers not 
covered in these recommendations. 
It is hoped that suitable arrangements 
can be made for adding curves for these 
and future speakers in order that the 
recommendations may be as up-to-date 
and useful as possible. 


Scope 


The characteristics established by 
the Motion Picture Research Council? 
for various speaker systems used in re- 
producing 35-mm sound film have been 
adopted because extensive listening tests 
proved them to be optimum for repro- 
ducing sound from 16-mm film also. 

Thus, the electrical characteristic is 
specified for each particular speaker 
system. Before a system other than 
those shown below is used, it will be 
necessary to make comparative listening 
tests to determine the proper frequency- 
response characteristic for that system. 


2. Reproducer Requirements 


2.1: Power Output: The minimum 
power output of the reproducer amplifier 
shall be 15 w. The reproducer gain 
control should be calibrated in db and 
should indicate the gain setting re- 
quired to produce 10 w output from the 
American Standard Signal Level Test 
Film Z22.45. The amplifier should 
have enough available gain to produce at 
least 20 db in excess of that required to 
produce 10 w. 

2.2: Harmonic Distortion: re- 
producer amplifier shall not introduce 
more than 1% harmonic distortion at 10 
w output and not more than 2% at 15 w 
at any frequency between 50 and 7000 
cycles, 


“Theater acoustic recommendations of 
the Academy Research Council Theater 
Standardization Committee,” Jour. SM- 
PE, vol. 36, Mar. 1941. 


2.3: Signal-to-Noise Level: The over- 
all system noise measured electrically 
at the speaker terminals of the amplifier 
shall not be greater than 50 db. This 
measurement should be made with the 
system frequency response adjusted for 
the particular speaker in use and with 
the gain control set to deliver 10 w out- 
put when the American Standard “400 
Cycle Signal Level Test Film 222.45” 
is passed through the projector. 

The output should be terminated in a 
noninductive resistive load equal to the 
nominal input impedance of the particu- 
lar speaker system in use. The meas- 
urement should then be made without 
film in the gate, with the projector 
running and exciter lamp turned on. 


2? “Standard electrical characteristics for 
theater sound systems,” Motion Picture 
Research Council Bulletin, 1948 Volume. 
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2.4: Frequency Response: The over- 
all frequency-response characteristic of 
the projector and amplifier shall be ad- 
justed as shown in Figs. 1 through 7, 
depending upon the theater speaker 
system to be employed. Variations are 
permitted from these nominal responses 
of +1 db from 100 to 3000 cycles and 
increasing progressively with frequency 
to +2 db at 7000 cycles. To adjust the 
system to the reverberation character- 


istics of a specific review room, it may 
also be necessary to adjust the response 
below 100 cycles. Variation as great 
as —2 db are permitted as shown on the 
respective curves. 

These measurements shall be made 
with amplifier output terminated in a 
noninductive resistive load equal to the 
nominal input impedance of the par- 
ticular speaker system in use. The 
source of signal shall be a multifre- 
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LEVEL IN DECIBELS 


200 400500 00 


FREQUENCY IN CYCLES PER SECOND 

Fig. 1. Recommended electrical characteristics for 16-mm review room re- 

producers employing Altec Lansing Energized Loudspeaker Systems Models 
75W5 and 30W5. High-frequency unit attenuation 0 to 3 db. 
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Fig. 2. Recommended electrical characteristics for 16-mm review room 
reproducers employing Altec Lansing Voice of the Theater Loudspeaker Sys- 
tems Models AIX, Al, A2X, A2, A4X, A4 and A5. High-frequency unit attenua- 


tion 0 to 3 db. 
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quency test film made in accordance 
with American Standard Z22.44. 

24: Uniformity of Scanning-Beam 
Illumination: The uniformity of scan- 
ning-beam illumination shall be such 
that the output from the reproducer 
amplifier does not vary more than 
+ 1!/, db when an American Standard 
Uniformity of Scanning-Beam Illum- 
ination Test Film Z22.80 is run through 
the reproducer. 


2.6: Flutter: The flutter introduced 
by the reproducer shall not exceed 
0.25% when using the American Stand- 
ard Flutter Test Film Z22.43. 

Note: This value has been selected as 
the maximum permissible value as 
measured on an RCA Flutter Bridge 
or on an instrument that has been ad- 
justed to give comparable readings. 

2.7: Loudspeaker Attenuation: When 
using the two-way loudspeakers speci- 
fied in the recommendation, it is often 
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FREQUENCY IN CYCLES PER SECOND 
Fig. 3. Recommended electrical characteristic for 16-mm review room re- 

producer employing International Projector Simplex Four-Star Loudspeaker 

Systems Models A and B. High-frequency unit attenuation 0 to 2 db. 


FREQ | 08 
40 joro-2 
70 
soo] 
1000] 0 
= 2000] - 
oe 2500] -! 
3000] -1 
3800] -2 
4000] -3 
$000] 
6000] -7 
4 7000} 
8000] -18 
= 
200 300 400500 1000 2000 3000 4000 5000 7000 10000 


FREQUENCY IN CYCLES PER SECOND 
Fig. 4. Recommended electrical characteristic for 16-mm review room 
reproducers employing International Projector Simplex Four-Star Loud- 
speaker Systems Model C. High-frequency unit attenuation 2 to 3 db. 
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advisable to attenuate either the high- 
or low-frequency side of the dividing 
network to obtain equal acoustical re- 
sponse on both sides of the network 


3 . 


3.1: Room Reverberation Character- 
istics: The desirable reverberation time 
of a room is a function of its size. Ex- 
cessive reverberation causes blurring of 


Acoustical 


cross-over frequency. Typical values 
of attenuation have been specified with 
each of the recommended response vs. 
frequency curves. 


Requirements 


speech and rapidly moving staccato 
music. Where the reverberation time 
in the room is below optimum, an ex- 
cessive amount of sound energy must be 


la ig 
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FREQUENCY IN CYCLES PER SECOND 
Fig. 5. Recommended electrical characteristic for 16-mm review room 


reproducers employing RCA Energized Loudspeaker Systems Models PG91, 
PG92, PG117 and PG118. Low-frequency unit attenuation 0 to 2 db. 
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Fig. 6. Recommended electrical characteristic for 16-mm review room 
reproducers employing RCA Permanent Magnet Loudspeaker Systems Models 
PL240, PL244 and PL246. MI-9458 high-frequency unit attenuation 1 to 2 db. 
MI-9449 low-frequency unit attenuation 0 db. MI-9448 high-frequency unit 
attenuation 0 db. MI-9449 low-frequency unit attenuation 1 to 2 db. 
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radiated and the resultant sound is 
unnatural. 

The optimum reverberation period 
varies with frequency and with the size 
of the room. Figure 8 gives the op- 
timum reverberation time for theaters. 

To summarize, the essential design 
features are: 

1. A minimum volume consistent 
with the required seating capacity and 
proper auditorium proportions. 

2. An auditorium width of from 50 to 
70% of the length and an auditorium 


ceiling height of not more than 40% of 
the length. 

3. The use of nonparallel surfaces; 
in particular, the floor should not be 
parallel to any ceiling section nor op- 
posite side-wall sections parallel. 

4. The use of convex rather than con- 
cave surfaces. In addition, the wall 
and ceiling surface should otherwise be 
broken up so as to thoroughly diffuse 
the sound. 

5. Auditorium absorption character- 
isties to provide the same rate of sound 
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Fig. 7. Recommended electrical characteristic for 16-mm review room re- 
producers employing Western Electric Mirrophonic Systems Models M1, M2 
and M3. High-frequency unit attenuation 2 to 4 db. 
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Fig. 8. Optimum reverberation time for motion picture theaters. 
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decay in a vertical as in a horizontal 
direction from side to side or from back 
to front walls. 

6. Heavily upholstered seats and 
ozite-lined carpet in the aisles. 

7. Backstage treatment giving a 
negligible amount of reflected or re- 
radiated sound from the backstage into 
the auditorium. 

8. A heavily carpeted stage designed 
for good viewing conditions from the 
front seating section. 

9. Auditorium walls with sufficient 
sound insulation material to prevent 
extraneous noise from entering the 
auditorium. 

10. The projection booth acoustically 
treated with fireproof material and pro- 
jection ports equipped with acoustic 
baffles. 

11. All equipment subject to vibra- 
tion and hum such as are generators, 
voltage regulators, lighting control 


equipment, etc., acoustically isolated 
from the auditorium. 

12. Air-conditioning equipment of a 
high-volume, low air-velocity type with 
air ducts provided with ascoustic baffles. 

Long, narrow auditoriums, high ceil- 
ings, excessively long and narrow bal- 
cony overhangs, concave focusing sur- 
faces, and large unbroken reflecting 
areas should always be avoided, as 
acoustical faults will always result 
from their use. 

If these recommendations are 
followed, the resulting auditorium will 
give sound (as reproduced on a modern 
two-way equipment) with high intelli- 
gibility, warm, natural screen presence, 
good balance between high and low 
frequencies, uniform loudness level 
throughout the auditorium and the 
proper relative balance between high- 
level music passages and low-level, in- 
timate dialogue scenes. 


4. Test Procedure 


4.1: Inasmuch as the sound-repro- 
ducing equipment in review rooms 
usually is subject to extremely hard 
usage, it is recommended that equip- 
ment purporting to meet these require- 


ments be checked at least once a week. 
It is also recommended that a check 
sheet indicating the results of these 
weekly tests be maintained. 
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Sound Committee Report 


By Lloyd T. Goldsmith, Committee Chairman 


T HAS BEEN several years since the 

Sound Committee has reported to 
the Society on its activities and accom- 
plishments. It has been active, how- 
ever, on projects authorized by the 
Engineering Vice-President and the 
following is an account of its work to 
date. 

A subcommittee under the chairman- 
ship of R. T. Van Niman investigated 
the possible advantages of the blue- 
sensitive and lead sulfide types of photo- 
tubes for 35-mm theater and 16-mm 
projector use over the presently used 
red-sensitive phototubes. This is a 
continuing activity being carried on 
with manufacturers of color films; but 
at the present time, only the red-sensi- 
tive phototube is recommended as giv- 
ing the best all-around performance with 
present day black-and-white and color 
sound tracks. Additional data now 
scheduled for collection may provide the 
basis for modifying this statement, how- 
ever. 

Our committee has cooperated with a 
subcommittee of the 16-Mm and 8-Mm 
Motion Picture Committee, which is 
working to establish electrical charac- 
teristics for 16-mm review-room repro- 
ducers. 

We studied and approved proposals 
which lead to the standardization of 
100-mil and 200-mil push-pull sound 
tracks used in recording original sound. 

Considerable correlation has been car- 
ried on to reconcile the Society’s pro- 
Presented on October 18, 1950, at the 
Society’s Convention at Lake Placid, N.Y. 
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posed standards of flutter definition and 
measurement with the proposals of Dr. 
Kellogg’s ASA Sound Committee Z-57. 
Agreement has now been reached and 
early ASA standardization will result. 
The original flutter proposals were 
formulated by the Sound Committee 
under the chairmanship of J. G. Frayne, 
who with R. Scoville, has actively fol- 
lowed through with the correlation. 

Our committee aided in the prepara- 
tion and final approval of the Society’s 
16-mm Sound Service Test Film Code 
SPSA, which has had wide sale and use 
in testing the performance of 16-mm 
sound projectors. 

The proposed British standards for 
magnetic recording were reviewed and 
comment forwarded to the British Stand- 
ards Institution. 

It was brought to the attention of the 
committee that some recent screen in- 
stallations in theaters resulted in exces- 
sive loss of volume and high-frequency 
response from the screen horns. The 
committee investigated, measured the 
loss of sereen samples, and on finding it 
excessive, aided the manufacturer in 
modifying his fabric to reduce the sound 
loss to accepted values. As the War 
Standard Z52.44-1945 “Sound Trans- 
mission of Perforated Screens” had 
never been reviewed and processed as 
an American Standard, the committee 
circulated it to all known screen manu- 
facturers for approval. Their recent 
loss data all met the War Standard, 
and, accordingly, the Sound Committee 
approved the War Standard with minor 
revisions, and the new proposal was pub- 
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lished in the July, 1950, Journau for a 
90-day trial period leading to its eventual 
adoption as ASA Standard Z22.82. 

The proposed American Standard for 
Acoustical Terminology developed by 
ASA Sectional Committee Z-24 on 
Acoustics was reviewed and suggested 
changes forwarded to that committee. 

In May, 1948, a Subcommittee on 
Magnetic Recording was set up, with 
G. L. Dimmick as Chairman, and 
charged with the formulation of stand- 
ard sound track dimensions and speeds 
of magnetic recording on 35-, 174%-, 16- 
and 8-mm motion picture film. With 
the help of several task forces assigned 
to specific aspects of the problem, the 
subcommittee prepared for the Sound 
Committee proposed standards which 
are now in the hands of the Standards 
Committee with the recommendation 


URING 1948 aNp 1949, the work of 
the Society’s Theater Television 
Committee was devoted to the considera- 
tion of all engineering phases of the use 
of television in motion picture theaters. 
It reviewed the design, construction and 
operation of theater television equip- 
ment, from the standpoint of alterations 
that might be necessary within a thea- 
ter, power supplies, viewing conditions, 
screen brightness, program distribution 
facilities and the like. 


Presented on October 20, 1950, at the 
Society’s Convention at Lake Placid, N.Y. 
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Theater Television Committee Report 


By D. E. Hyndman, Committee Chairman 
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that they be published in the JourNaL 
for six-month’s trial and criticism. A 
progress report of the subcommittee was 
given at the 1949 Fall Convention. 

The Magnetic Recording Subcom- 
mittee is about to prepare specifications 
for magnetic test films of the types that 
may be required by industry and sold 
by the Society. At the moment, an 
azimuth film, multifrequency film and 
buzz track appear to be most needed 
and will probably be made available 
first. 

It is anticipated that problems as- 
sociated with magnetic recording and 
reproduction will constitute the major 
part of the committee’s work for the 
coming year with particular emphasis 
on standards, test films and television 
sound problems. 


In June, 1949, the Federal Com- 
munications Commission requested the 
Society along with Paramount Pictures, 
Ine., and Twentieth Century-Fox Film 
Corp. to file a statement concerning the 
allocation of frequency bands for a 
theater television service. This request 
brought to an end the more or less broad 
general consideration that was being 
given to all phases of this work and 
forced the committee to concentrate on 
a statement which would outline in 
specific terms what the industry needed 
in the way of radio frequencies to estab- 
lish a nation-wide theater television serv- 
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ice. On August 29, 1949, the commit- 
tee filed such a statement with the Com- 
mission. 

It was realized at that time that 
some of the conclusions reached by the 
statement, while based on good engineer- 
ing judgment, could not be backed up by 
actual engineering data. It was also 
realized that such concrete information 
would have to be provided at the time 
of the public hearing if the industry had 
any hopes of having the FCC grant their 
request. 

1950, therefore, has been devoted to 
securing the technical data on distribu- 
tion facilities, which would substantiate 
the 1949 statement. As a means to 
this end, a subgroup was established 
under the chairmanship of George L. 
Beers of RCA. This group is composed 
of theater television equipment manu- 
facturers and representatives of the 
common carriers. They were requested 
to investigate four specific characteris- 
tics of a theater television distribution 
system. The first dealt with the band- 
width required, the second with permis- 
sible signal-to-noise ratio, the third 
with distortion, and the last with the 
compression which could be tolerated on 
such a distribution system. 

RCA agreed to provide the laboratory 
facilities for conducting these tests, 
provided the committee reviewed the 
test methods proposed and gave its 
assistance in interpreting the test results. 


’ At present, work is in progress on the 


first two of the assigned tasks, namely 
bandwidth and signal-to-noise. The 
subcommittee has approved the test 
methods prepared by Otto Schade and 
is awaiting an opportunity to judge the 
results on a large-screen theater system. 
So far, only limited viewing tests have 
been conducted and these on a small- 
screen direct-view cathode-ray tube. As 
soon as a large-screen laboratory setup 
is made available, it is hoped definite 
conclusions can be reached. 

From the standpoint of practical 
operating problems, a wealth of experi- 
ence will be gained from the actual 
theater installations that have been 
made in recent months. Nine theaters 
in seven cities now have equipment in- 
stalled and are carrying weekly programs 
of various sports events. It is reported 
that before the first of the year, there 
will be 16 theaters so equipped. Since 
both cable and radio facilities are being 
used for program distribution to these 
theaters, much will be learned that 
will assist Mr. Beers’ group in reaching 
rapid conclusions. 

The Theater Television Committee 
plans to continue this activity to arrive 
at the answer to the basic engineering 
problem. When this preliminary work 
has been completed, it is anticipated 
that appropriate standards and recom- 
mendations will be set up as the Society 
has done in the past in the field of mo- 
tion pictures. 


D. E. Hyndman: Theater Television Report 
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Spring Convention 1951 


APRIL 30—-MAY The Society’s 69th 

Convention in 
3414 years is also the 69th to be held under 
the able tutelage of Bill Kunzmann, Con- 
vention Vice-President. His staff of 
Chairmen and Vice-Chairmen for the 
Spring Convention have now been ap- 
pointed and by the end of January will 
have completed the general schedule of 
events as well as preliminary preparation 
for details of the program. 


NEW YORK CITY Since the Papers 

Committee Vice- 
Chairman who resides in the city where a 
convention is being held, automatically 
becomes Program Chairman, the choice of 
New York gives the responsibility to Bill 
Rivers. Among other things, he will de- 
velop the details of papers presentation 
along lines suggested by Ed Seeley, Papers 
Chairman, and will prepare manuscript 
copy of the Tentative and Final Programs. 


HOTEL STATLER Technical Sessions 

will be held in the 
Georgian Room on the Ballroom floor of 
the Statler rather than in the Salle 
Moderne as in the past, because increased 
attendance has forced a move to a larger 
meeting room. Headquarters for the 
Ladies’ Committee will be in Room 129 
and Conference Rooms 2 or 3 on the 
Mezzanine have been reserved for meetings 
of technical committees throughout the 
week. The Publicity Committee will set 
up shop in Conference Room 8. 


PAPERS Members of Ed Seeley’s Pa- 

pers Committee are rounding 
up groups of related papers on subjects 
that are either of special technical interest 
at this time or have been neglected at re- 
cent conventions. As a consequence, the 
program will include several symposium- 
type sessions, each of which will include all 
or nearly all convention papers related to 
a particular topic. Members or guests 
whose interests and whose time are 
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limited will be able to derive maximum 
benefit from minimum participation. 


ADVANCE Realistic deadline dates for 

printed material have been 
established as objectives for authors and 
Papers Committee members. The sched- 
ule of sessions, symposium titles, informa- 
tion on tours and major entertainment 
features must be on the editor’s desk by 
February 19, so the Advance Notice which 
includes the hotel room reservation card 
can be printed and ready for mailing to all 
members on Monday, March 5. 


AUTHORS By Friday, February 23, 

Bill Rivers must have re- 
ceived from each prospective author, the 
white copy of the 69th Convention Author’s 
Form, and two copies of a 50- to 75-word 
abstract for use in preparing original type- 
written copy of the Tentative Program. 
Bill also requires two self-addressed busi- 
ness envelopes (4144 X 91% in. or there- 
abouts), to simplify prompt mailing of 
subsequent Papers Committee corres- 
pondence. 


TENTATIVE Copy for the Tentative 

Program is scheduled to 
be ready for the printer on Monday, 
March 5. Since the convention is to be in 
New York, Vic Allen will arrange for print- 
ing. He expects to have the Tentative ad- 
dressed to all members and in the mail, by 
first class, on Monday, March 26. 


MANUSCRIPTS Each author must 

send the buff copy of 
the Author’s Form with his manuscript 
and one full set of illustrations to Vic Allen 
at Society headquarters by March 23. 
The manuscript should be typed double- 
spaced on good bond paper; send the 
original, not carbon copy. Also, send Vic 
the original illustrations, being certain to 
pack them securely. Good photo-engrav- 
ings cannot be made from poor reproduc- 
tions of original art work. 
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FINAL The Final Program listing pre- 

sentation times of all papers will 
be ready by Monday, April 23. Each 
author, as well as each technical session 
chairman and vice-chairman, will be noti- 
fied of his schedule in advance so he can 
plan his convention week before leaving 
home. This is an ambitious program that 
calls for active support by all members, so 


give the Papers Committee and the 69th 
Convention Program Chairman a hand. 
If you are preparing a paper, please ob- 
serve these deadline dates. 

If you have any questions, write to Ed 
Seeley or Bill Rivers. Secure Author’s 
Forms and Hints to Authors from the 
nearest Vice-Chairman of the 


PAPERS COMMITTEE 
Chairman, Edward S. Seeley, Altec Service, 161 Sixth Ave., New York 13 


Vice-Chairmen 
For New York: W. H. Rivers 
Eastman Kodak Co., 342 Madison Ave., 
New York 17 
For Washington: J. E. Aiken 
116 No. Galveston St., Arlington, Va. 
For Chicago: R. T. Van Niman 
4441 Indianola Ave., Indianapolis, Ind. 
For Los Angeles: F. G. Albin 
American Broadcasting Co., Station 
KECA-TV, 4151 Prospect Ave., Holly- 
wood, Calif. 


For Canada: G. G. Graham 
National Film Board of Canada, John 
St., Ottawa, Canada 


For High-Speed Photography 
J. H. Waddell 
Wollensak Optical Co., 850 Hudson St., 
Rochester, N.Y. 


As soon as the Committee's roster is 
complete, it will be published with the 
addresses of all members included. 


Atlantic Coast Section Meeting 


Tom H. Miter of Eastman Kodak Co., 
Rochester, gave an unusually interesting 
talk on photographic color problems before 
the Atlantic Coast Section in New York 
on December 12. A large number of 
colored slides were used to illustrate each 
point of the color problems discussed. 

Mr. Miller first took up the effect of the 
characteristics of the light source on a 
color photograph. Color; distribution in 
the source is of secondary importance in 
taking black-and-white pictures, partly 
because the finished picture must neces- 
sarily look different from the original scene. 
The best result is one which is pleasing to 
the viewer. However,a color picture must, 
at least in most cases, reproduce the color 
of the original scene as accurately as 
possible. But here the photographer runs 
into trouble due to variations in illumina- 
tion of the original which may not give 
acceptable pictures even if perfectly re- 
produced by the photographic process. 


The effect of different illumination of the 
subject was illustrated by pictures taken at 
midday and late afternoon of the same 
subject. Using film balanced for daylight 
(midday sunshine) the late afternoon pic- 
tures were quite obviously different and 
in the case of portraits less desirable, al- 
though for special effects the warmer light 
of late afternoon might give just the effect 
the photographer wants. 

The speaker called attention to a variety 
of effects which may occur in outdoor illu- 
mination, so that the color balance may be 
shifted to the yellow, red or blue, depend- 
ing on the subject and atmospheric condi- 
tions. Usually people do not observe these 
changes in illumination as accurately as 
the film does, because of adaptation of the 
eye. This was illustrated by comparison 
of pictures taken under outdoor and indoor 
illumination with the same film, showing 
marked difference in color balance, al- 
though an observer would have said that 
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the illumination was white in each case. 
Another characteristic of the illumination 
which is important in color photography 
is specular or diffuse reflection. In general 
saturated colors cannot be obtained by 
diffuse illumination, as for example on a 
cloudy or overcast day. 

Mr. Miller then discussed certain 
characteristics of color photographing ma- 
terials, particularly their inability to repro- 
duce accurately certain colors. Most com- 
mercial materials are balanced to give good 
flesh tones but this does not mean that all 
colors will be perfectly rendered. Due to 
differences in processes the colors not per- 
fectly reproduced will vary from one ma- 
terial to another. Consequently the only 
way to be sure of obtaining desired results 
is to make test exposures on each fabric, 
material and paint used in a production. 


The 1951 Journal 


Even this is not enough since by adapta- 
tion, the eye adjusts itself to the predomi- 
nant illumination and judges adjacent or 
subsequent colors in relation to it. This 
was illustrated by a series of pictures in 
which each varied only slightly in color 
balance from the preceding one. Most of 
them were quite acceptable although the 
range of color balance was very great. 
However, a direct change from one end of 
the series to the other was very noticeable 
and undesirable. This accounts for the 
fact that a color film which is satisfactory 
by itself may not look right when spliced 
between films having considerably different 
balance. The effect of background and 
surrounding illumination on apparent 
color rendition was also shown to be con- 
siderable.—C.R.K. 


As THE SOCIETY GROWS, in size, occasional 
breaks with tradition are necessary to 
accommodate the diverse needs of an ex- 
panding membership. One came a year 
ago when “Television” was added to the 
Society’s name, recognizing that its new 
importance had placed television firmly 
alongside motion pictures and synchro- 
nized sound. Another break occurs with 
the change from a single- to a two-column 
format beginning with this issue of the 
JOURNAL. 

Of several reasons for making the 
change at this time, two stand out: First, 
the amount of publishable material ac- 
cepted by the Board of Editors has in- 
creased steadily for four volumes in succes- 
sion, requiring the Editor to exceed his last 
two yearly forecasts of JouRNAL pages to 
be printed. The trend will doubtless con- 
tinue. Second, there has been a steady rise 
in cost of publication resulting from in- 
creased charges for paper, engravings and 
labor. None of these is likely to be reduced. 

Here are two opposing factors—one 
highly desirable, the other inevitable— 
which have put the squeeze on the Society’s 
publications program, 


Under the present circumstances, two 
columns, with reduced margins, held the 
only hope for real savings. Changing the 
trim size by a small amount would have 
helped even more but seemed undesirable 
for the time being. Adopting a different 
printing method could produce no real 
economy because of the small press run. 
Any reduction in quality of the paper 
would have been folly, for the grade used 
in 1950 was about the cheapest available 
and often failed to yield adequate halftone 
illustrations. 

The present format (two 13-pica columns 
retaining the previous typeface, Mono- 
type 8A, set in 9-pt. on 10-pt. body) per- 
mits 37144% more information to be placed 
on a single 6 X 9 in. page of text. Printing 
and binding economies achieved in this way 
will just about offset certain increased 
charges that became effective in Novem- 
ber, 1950, and others that start with 
January, 1951. 

As a result, each Society dollar spent for 
publications in 1951 will buy as much 
printed information as it would have a 
year ago, even though costs have increased 
substantially during the intervening period. 
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Engineering Activities 


Television Film Equipment 


During 1950, the Society joined with the 
Institute of Radio Engineers and the 
Radio-Television Manufacturers Associa- 
tion (RTMA) in a cooperative program of 
standardization and exchange of technical 
data. One result was the combining of two 
Society Committees, the Films From 
Television Committee and the Television 
Film Projectors Committee, with similar 
RTMA projects, under a Television Film 
Equipment Committee. This joint group 
under the enthusiastic Chairmanship of 
Frank N. Gillette, General Precision Lab- 
oratory, met last October during the Con- 
vention at Lake Placid and again on 
January 4 in New York City. 


At the recent meeting, agreement was 
reached on a Proposed Standard for 16- 
Mm Projectors for Television Film Chains 
Operating on Full-Storage Basis. To 
bring the proposal into line with the 
standards policies of RTMA and SMPTE, 
certain proprietary references were deleted 
and it has become largely a detailed 
specification for performance of the equip- 
ment. Tests, methods of measurement, 
references to specific test films and to par- 
ticular test equipments are also included. 


The Committee received favorably sug- 
gestions for area of scan on 16-mm film 
and for picture area in video recording. 
The dimensions considered with the reason 
for being selected will be put into the form 
of a Proposed American Standard. After 
balloting of the entire Committee, the 
proposals will doubtless be published in 
the JourNAL for a short period of trial and 
criticism. 

Substantial agreement was also reached 
on a proposal to publish recommended 
standard dimensions for slides and 
opaques. The 2 X 2 in. transparent slide 
and the 4 X 5 in. opaque were considered 
most desirable, so the Committee will 
shortly vote upon them. 


16-Mm and 8-Mm 

The 16-Mm and 8-Mm Motion Pictures 
Committee, under the chairmanship of 
Henry Hood, has been exceptionally ac- 
tive. Several of the projects will soon 
appear in the JouRNAL, notably the pro- 
posals on 16-mm and 8mm film splices 
and on 16-mm projection reels. One 
project, “Recommendations for 16-Mm 
Review Rooms and Reproducing Equip- 
ment,” developed by a subcommittee 
under the chairmanship of E. W. D’Arey, 
appears elsewhere in this issue of the 
JouRNAL. It is being published as an 
interim committee report in the hope that 
sufficient comments will be received during 
the ensuing year to enable the committee 
to formulate proposals for standardization. 


Sound 

At the Lake Placid Convention, the 
Sound Committee, under Acting Chair- 
man, John Frayne, was faced with the 
urgent problem of reaching agreement on 
proposed standards for magnetic sound 
tracks on film. Protracted delay would 
result in incompatibility with the first 
equipments appearing on the market. 
Even more serious is the probability that 
the first manufacturer to produce a mag- 
netic sound projector commercially would 
set the standard. With this understand- 
ing, the Committee hammered out Pro- 
posed American Standards for Magnetic 
Sound Track on 35- and 1714%4-Mm Film, 
16-Mm Film, and 8-Mm Film and sub- 
mitted them to the Standards Committee 
for its recommendations on publication for 
a 90-day trial. They will probably be 
published within the next few months. 

The status of the Proposed American 
Standards for Sound Transmission of 
Theater Projection Screens published for 
trial in the July, 1950, JouRNAL, was re- 
viewed. Inasmuch as no adverse criticism 
had been received, it was agreed to submit 
it to the Standards Committee for recom- 
mendations on final approval as an Ameri- 
can Standard. 

In addition, plans were made for in- 
creasing activity on lead sulfide phototubes 
and standards for 16-mm magnetic film, 
coated full width. 
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BOOK REVIEWS 


Fundamentals of Acoustics 


By Lawrence E. Kinsler and Austin R. 
Frey. Published (1950) by John Wiley, 
440 Fourth Ave., New York 16. 499 pp. 
+ 5 pp. appendix + 3 pp. glossary + 6 
pp. index. 163 illus. 5% X 8% in. 
Price $6.00. 

This book presents the fundamentals 
underlying the generation, transmission 
and reception of acoustic waves. It was 
prepared as a textbook on the funda- 
mentals of acoustics and is a very usable 
book for this purpose. The illustrations 
are good and each chapter is followed by a 
set of very well chosen problems. 

The first half of the book develops the 
theory of vibration of solid bodies and the 
propagation of sound waves through 
fluids. It starts with simple oscillators 
having a single degree of freedom. Ina 
logical manner follow chapters on the 
vibration of strings, bars and stretched 
membranes. The general acoustical wave 
equations for fluids are developed and ap- 
plied particularly to plane and spherical 
waves with various boundary conditions 
including transmission from one medium to 
another. Then follows the fundamental 
theory of the radiation of sound from vi- 
brating bodies of various sorts such as pis- 
tons, vibrating spheres, etc. These prin- 
ciples are applied to Helmholtz resonators 
and acoustic filters. Finally in Chapter 9 
there is a brief but excellent treatise on the 
absorption of sound waves under various 
circumstances. 

The theory developed in the first half of 
the book is applied to direct radiator loud- 
speakers and horn-type loudspeakers. 
Chapter 12 is a discussion of microphones; 
carbon, condenser, erystal, electrodynamiec 
moving coil and velocity ribbon. The 
electroacoustical reciprocity theory is very 
clearly presented and applied to the cali- 
bration of these microphones. 

There is a chapter on psychoacoustics 
dealing with the mechanism of hearing, 
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loudness, masking, binaural localizations, 
ete., followed by chapters on each of the 
following general fields: architectural acous- 
tics, underwater acoustics and ultrasonics. 

The authors have maintained a very 
good balance between the fundamental as- 
pects of the physics of the problems and 
the engineering applications. Numerous 
references are made to analogous electrical 
problems, but this is not overdone and 
each important equation is derived from 
the fundamental laws of physics. 

It should serve as a very useful text in 
senior college and graduate courses, both 
in physics and engineering classes.—Dr. 
Harvey Fletcher, 5 Westminster Rd., 
Summit, N.J. 


Fundamentals of Optics, New 
2d Ed. 


By Francis A. Jenkins and Harvey E. 
White. Published (1950) by McGraw- 
Hill, 330 W. 42d St., New York 18. 626 
pp. + 4 pp. Answers to Problems + 17 
pp. index + xi pp. 447 illus. 6 X 9 in. 
Price $7.00. 

This book represents a new edition of the 
authors’ well-known Fundamentals of 
Physical Optics, first published in 1937. 
As a physical optics text, it is hard to see 
how this book could have been improved, 
and it is gratifying to find that it has been 
reprinted almost without change in the 
new edition. A few sections have been 
added, covering the quantum nature of 
light and some modern developments such 
as the Twyman-Green interferometer, 
phase-contrast microscopes, interference 
filters, and gratings giving a ‘blaze’ in one 
order. Each topic has been treated with 
just the necessary degree of detail for 
students’ use, and difficult side-issues have 
been carefully avoided. Having read any 
chapter, the reader has the pleasant feel- 
ing that now he knows all about that sub- 
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ject. The diagrams are clear, and the 
photographic illustrations excellent. A 
particularly gratifying feature of the treat- 
ment is that mathematics is used only to 
provide a deeper analysis of some physical 
phenomenon which has already been ex- 
plained in a clear qualitative way. Too 
many teachers reverse this process, and 
feel that a mathematical treatment is the 
whole story. The book can be confidently 
recommended as an unusually clear ex- 
position of the nature and properties of 
light. 

The new edition also contains a lengthy 
section (175 pp.) on geometrical optics, 
which justifies the more general title. Un- 
fortunately the method of treatment here 
is not nearly as good as that adopted for 
the physical optics part. Fermat’s and 
Malus’ theorems, and the dispersion of 
glass, are clearly treated, but they are 
actually physical optics phenomena. No 
less than 52 pp. are devoted to the formu- 
las for conjugate distances and magnifica- 
tion, first for a thin lens, then for a single 
refracting surface, then again for a thick 
single lens, and finally for a spherical 
mirror. Surely it would be simpler, and 
more satisfying to the student, to derive 
the formulas for a general optical system 
defined by its two focal points and two 
principal points, and then to regard thin 
lenses and single surfaces as simple special 
cases. 

It is good to find a brief reference to the 
photometry of optical systems and the 
theory of image brightness. Spectroscopic 
and other prisms are adequately covered. 
The properties of chromatic aberration are 
described clearly, but spherical aberration 
is treated in unnecessary detail. The 
references to coma and the sine condition 
suffer from the usual misunderstandings; 
for example, the term “sine condition” is 
used first to refer to the “sine theorem” 
(Eq. 81, p. 121), but later it is used to 
refer to the difference Af between the 
focal lengths of a lens for paraxial and mar- 
ginal rays (Fig. 9K). The word “coma” 
is correctly used as a transverse measure 
of an aberration pattern in Fig. 91(b), but 
in Figs. 9K and 9L, and in Table 9III, 
the same term is used to represent the 
longitudinal difference between the Af 
curve and the spherical aberration curve. 
Obviously both meanings of the same 


word cannot be correct. The diagrams of 
distortion (Fig. 9T) are misleading, for 
when a lens suffers from barrel distortion, 
all parts of the image are too small, the 
corners being excessively reduced in size; 
likewise in pincushion distortion all parts 
of the image are too large, the corners 
again being excessively so. Figure 9V, (b), 
is incorrect, for a single lens with central 
passage of the light cannot possess any 
lateral chromatic aberration. This is an 
aberration of the chief ray, and will appear 
only where the chief ray has been dispersed 
into a spectrum by eccentric passage 
through a lens. The Huygens’ eyepiece is 
referred to in 9.11, line 1, as an achro- 
matic system; this is, however, contra- 
dicted later in the same paragraph. 
There are two errors in labeling of lens 
cross-sections: in Fig. 10C, the diagram 
shows the Zeiss Topogon, not the Ross 
Wide-angle, and in Fig. 10G, the lens 
shown is the “Varo,” not the ‘“Zoomar.”’ 
The Galilean telescope diagram in Fig. 10R 
is incorrect, for the eye is actually the 
exit pupil, and only those rays which enter 
the eye should be considered. The en- 
trance pupil of a Galilean telescope is vir- 
tual and situated at a considerable distance 
behind the eye. 

The book is very well produced, on good 
paper, and beautifully printed. A series of 
useful review problems has been included 
at theend of each chapter.—R. KInGSLAKE, 
Eastman Kodak Cc., Rochester, N.Y. 


Electrical Engineers’ Handbook 
-Electric Communication and 
Electronics, Vol. II, 4th Ed. 


Edited by Harold Pender and Knox Mc- 
Ilwain. Published (1950) by John Wiley, 
440 Fourth Ave., New York 16. i-xiii + 
1,564 pp. including approx. 130 tables and 
approx. 1,050 illus. + 54 pp. index. 5144 X 
8\%in. Price $8.50. 

This edition has been entirely rewritten 
and enlarged to meet the widening fields 
of communication and electronics. Each 
section is written by an expert in that field 
and is accompanied by a bibliography. 

The twenty-three sections cover a wide 
variety of electronic applications as well as 
fundamental properties of materials and 
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circuit elements. Frequency modulation, 
television and radar have been given con- 
siderable space. 

As is the case with any handbook at- 
tempting to cover such a wide field, the 
space devoted to any one subject must be 
small compared to a textbook on that sub- 
ject. In the present volume the editors 
and authors have shown good judgment in 
selecting tables and formulas to which a 
worker familiar with the subject may refer, 
and sufficient description so that one un- 
familiar with the particular subject may 
obtain a good introduction to it.—CLyYpDE 
R. Kerrna, 5 N. Terrace, Maplewood, N.J. 


Television, Volume (1947- 
1948) 


Edited by Alfred N. Goldsmith, Arthur F. 
Van Dyck, Robert 8. Burnap, Edward T. 
Dickey and George M. K. Baker. Pub- 
lished (1950) by RCA Review, Radio 
Corporation of America, RCA Labora- 
tories Div., Princeton, N.J. i-x + 458 pp. 
+ 3 pp. summary. 315 illus. 6 X 9 in. 
Price, $2.50, plus $0.20 per copy for post- 
age to countries other than U.S. 


Television, Volume VI (1949- 

1950) 

Same editors and publisher. i-x + 402 
pp. + 20 pp. appendix. 284 illus. 6 X 9 
in. Price, $2.50, plus $0.20 per copy for 
postage to countries other than U.S. 

Television, Volumes V and VI, are 
respectively the eleventh and _ twelfth 
volumes in the RCA Technical Book Series 
and the fifth and sixth volumes devoted 
exclusively to television. 

The books are comprised of a compila- 
tion of reprints of articles by RCA authors 
which appeared in RCA Review, RCA 
Licensee Bulletin, Broadcast News, Pro- 
ceedings of the I.R.E., the JouRNAL of this 
Society, Communications, Teletech, Journal 
of the Optical Society of America, Electronics 
and Harvard Business Review. 

In the appendix of Volume VI is given a 
complete television bibliography of tech- 
nical papers by RCA authors for the period 
1929 to 1950. Of the total published 
within the periods covered by Television, 
Volumes V and VI, selected articles are 
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reprinted in full, others in summary form 
only, while the remainder are omitted ex- 
cept for their listing in the bibliography. 

The papers are presented in each of 
these volumes in six sections: pickup, 
transmission, reception, color, ultra-high 
frequency and general. Within each of 
these sections, distinct phases of television 
development are covered by three types of 
articles: (1) pure theory and analyses of 
performance factors, (2) new techniques 
and proposed new designs not yet reduced 
to practice and (3) descriptions of new 
equipment, facilities, methods, techniques 
and concrete applications of principles re- 
duced to practice. 

Material of the first type serves as a 
guide for the conception and development 
of advanced television designs of the future. 
An outstanding article by Otto H. Schade 
is entitled ‘Electro-Optical Characteristics 
of Television Systems.” It is so advanced 
and basic as to be of permanent value as a 
text. 

Material of the second type forms a basis 
of designs of tomorrow’s improved tele- 
vision. An example is entitled “‘Standardi- 
zation of Transient Response of Television 
Transmitters” by R. D. Kell and G. L. 
Fredendall. 

Of the third type, descriptions of new 
equipment are published soon after the 
equipment design is completed. Thus, 
such descriptions represent the latest 
equipment as of that date. Examples are: 
“New Television Field Pickup Equipment 
Employing the Image Orthicon,” by J. H. 
Roe, and “Development of a Large Metal 
Kinescope for Television” by H. P. Steier, 
et al. Descriptions of most of the major 
equipment and circuit features now con- 
stituting present-day television systems 
may be found in these two, together with 
preceding volumes of T'elevision. 

Television papers by RCA authors are 
highly authentic because the findings are 
the results of intensive and extensive activ- 
ities of the writers in all phases of tele- 
vision, each of whom is a specialist in his 
particular field. 

These volumes contain a wealth of au- 
thentic television information in a concise 
form and they should be included in every 
engineer’s television library.—Frep G. 
Austin, 241 8. Wetherly Dr., Beverly Hills, 
Calif. 


fac! 
a 
2 
i 
3 
i 
4 


Proceedings of the National 
Electronics Conference, Vol. 5 


Published (1950) by National Electronics 
Conference, Inc., 852 E. 83 St., Chicago 19. 
i-x + 581 pp. text + xi-xxi pp. Contents, 
Previous Issues. Approx. 600 illus. + 
numerous tables. 6 X 9 in. Price $4.00. 


This book is intended to serve as a per- 
manent record and handy reference of the 
papers presented at the National Elec- 
tronics Conference in 1949. Since only a 
small group can attend such a conference, 
the publishing of this volume allows all engi- 
neers to receive the benefits of the papers. 
Many papers which are presented at such 
meetings are never published elsewhere, 
consequently this provides the only per- 
manent record of these papers. 


There is not sufficient space here to re- 
view each of the 59 papers included in the 
book. However, it can be said that the 
papers range from basic theory to com- 
ponent design and application. Subjects 
covered include audio-frequency, super- 
sonics, magnetic devices, vacuum tubes, 
circuits, theory of communication, anten- 
nas, television, measurements, computers, 
electronic instrumentation and others. 
One paper, “The Magnetic Cross Value 
and Its Application to Subfrequency Power 
Generation,” presented a very interesting 
new magnetic device. The analysis of the 
operation of this device was well presented. 
It is refreshing to find that we are still 
discovering new principles in magnetism, 
one of the older phases of electronics. 

It is unfortunate that no attempt was 
made to group papers on the same general 
subject or to provide an index which would 
facilitate rapid exploration of the volume 
to find everything on a particular subject. 

Since the discussion of papers at such 
meetings frequently adds important in- 
formation it is regrettable that no com- 


ment on the discussions of these papers is 
included. 

In spite of these shortcomings the 
N.E.C. is to be commended for publishing 
its Proceedings, and it is hoped that othe: 
conferences will soon follow suit.—OGpEN 
PresTHOLpT, Columbia Broadcasting Sys- 
tem, 485 Madison Ave., New York 22. 


Manuel de Sensitometrie (3d ed.) 


By L. Lobel and M. Dubois. Published 
(1950) by Publications Photographiques 
Paul Montel, 189, Rue Saint-Jacques, 
Paris (5°). 216 pp. 103 illus. 534 X 744 
in. Price 375 francs. 

This elementary book gives the principal 
definitions concerning sensitometric meas- 
urements, some of the properties of the 
characteristic curve, and a review of the 
chief systems used for the definition of the 
negative emulsion speed. It includes a 
chapter on paper sensitometry and the 
choice of printing conditions, and another 
on sensitometry for positive films used by 
projection. 

It also gives information on reversal 
development, including the influence of 
the solvent action and that of the second 
exposure, on intensifying and reducing 
processes, on the control of color photog- 
raphy and the use of the masking method. 

Finally, about forty pages concern the 
elementary principles of sound recording 
and the application of sensitometry to 
sound film. 

As regards the apparatus used in sensi- 
tometry, the descriptions are very short 
and the authors emphasize the densitom- 
eters designed by Mr. Lobel. 

This booklet, despite a few errors and 
many oversimplifications, should be useful 
to amateurs and beginners in photographic 
science.—R. Prinorr, Kodak-Pathé, 30, 
Rue des Vignerons, Vincennes, France. 


Journals Available: The following back numbers of the Journal are available from 
Mr. John R. Bizzelle, 419 West 48 St., New York 19, N.Y.: Oct. 1917, $1.00; 
Apr. 1918, $1.00; Sept. 1931 (2 cys) $.50 each; Nov. 1931, $.50; Jan. 1935, $.50; 
all 12 issues for 1942 at $.25 each; all 12 issues for 1943 at $.25 each; all issues for 
1944 (except Mar., Apr. and May) at $.25 each; all 12 issues for 1945 at $.25 each; 
and Jan., Feb., May, June, July, Aug., Sept. and Oct. 1946 at $.25 each. 
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New Members 


The following members have been added to the Society’s rolls since those published last month. 
The designations of grades are the the same as those used in the 1950 MemBersutp Directory. 


Honorary (H) Fellow (F) 


Allen, William H., Commercial Photogra- 
pher. Mail: 721 E. Fayette St., Syracuse 
3, N.Y. (A) 

Barnes, Carl E., Director of Chemical Re- 
search, Arnold, Hoffman & Co., Provi- 
dence, R.I. (A) 

Beibin, Harold, Film Recording Engineer, 
Allen B. Du Mont Laboratories, Inc. 
Mail: c/o Brown, 240 W. 98 St., New 
York, N.Y. (A) 

Besse, Armand, Sales Manager, Perkins 
Electric Co., Ltd. Mail: 9370 St. Hubert 
St., Montreal 12, Quebec, Canada. (A) 

Clark, Walter M., Technical Photographer, 
Northrop Aircraft, Inc. Mail: 2907 Gib- 
son Pl., North Redondo, Calif. (A) 

Dare, Doug, Motion Picture Cameraman, 
Sam Hayes Productions. Mail: 600 N. 
Maple St., Burbank, Calif. (M) 

Darmstaedter, Eric, Vice-President, Reeves 
Equipment Corp. Mail: 10 E. 52 St., 
New York, N.Y. (A) ; 

Dierken, Kenneth C., American Television 
Inst. Mail: 534 Wellington, Chicago 14, 
Ill. (S) 

Forbes, Richard B., Hollywood Sound Inst. 
Mail: 1021 Palm Ave., Los Angeles 46, 
Calif. (S) 

Fung, David T., New Institute for Film and 
Television. Mail: 435 W. 123 St., New 
York, N.Y. (S) 

Grossman, Milton B., Electrical Engineer, 
Otto K. Olesen Co. Mail: 10401 Tuxford 
St., Sun Valley, Calif. (A) 

Hughes, Lafayette M., Jr., Producer and 
Director, Hughes Sound Films. Mail: 21 
S. Downing St., Denver, Colo. (M) 

Johnson, Carl M., Head, Technical Informa- 
tion Div., U.S. Navy Electronics Labora- 
tory. Mail: 336 W. Upas St., San Diego 3, 
Calif. (A) 

Katz, Leonhard, Engineer, Raytheon Manu- 
facturing Co. Mail: 19 Ward St., Wo- 
burn, Mass. (A) 

Kenworthy, N. Paul, Jr., 10710 Strathmore 
Dr., Los Angeles 24, Calif. (S) 

Keough, James L., Still Camera, Projector 
and Movie Camera Repairman, Craig 
Movie Supply, and self. Mail: 6548 23d 
Ave., N.E., Seattle 5, Wash. (M) 

Kish, Frank, Photographer, National Ad- 
visory Committee for Aeronautics. Mail: 
4481 W. 51 St., Cleveland 9, Ohio. (A) 

Kusack, William P., Chief Engineer, Bala- 
ban & Katz Television. Mail: Station 
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Active (M) 


Associate (A) Student (S) 


WBKB, 190 N. State St., Chicago 1, 
tll. (M) 

Lantz, Donald R., Assistant Director, Dept. 
of Audio-Visual and Radio Education, In- 
ternational Council of Religious Educa- 
tion. Mail: 206 S. Michigan Ave., 
Chicago 4, Ill. (A) 

Lewis, Louie L., Chief Engineer, WOI, WOI- 
FM, WOI-TV., Iowa State College, Ames, 
Iowa. (M) 

Matilla, Augusto M., National Supply 8.A. 
Mail: P.O. Box 2909, Caracas, Venezuela. 
(A) 

Motts, Gordon H., Supervisor, Still and 
Motion Pictures, Army Field Forces, Bd. 
#4, Ft. Bliss. Mail: 613 Mission Rd., El 
Paso, Texas. (A) 

O’Byrne, Frank E., General Manager, 
Queensway Studios. Mail: 277 Victoria 
St., Toronto, Ontario, Canada. (M) 

Phelan, Charles W., Owner, Films for Tele- 
vision, Inc. Mail: Harbor Ave., Marble- 
head, Mass. (A) 

Reiter, Abraham, Instructor, Audio Engineer- 
ing, University of Hollywood. Mail: 
3808 W. Alameda Ave., Burbank, Calif. 
(A) 

Robyn, Abe, Sound Technician, Universal 
Recorders. Mail: 85044 N. Edinburgh 
Ave., Los Angeles, Calif. (A) 

Shelton, Aaron, Chief Engineer, WSM-TYV. 
Mail: 2901 23d Ave., S., Nashville 5, Tenn. 
(M) 

Steadman, Loren L., 291114 11th Ave., Los 
Angeles 18, Calif. (S) 

Williams, David L., Advisory Engineer, Lamp 
Div., Commercial Engineering Dept., 
Westinghouse Electric Corp., Bloomfield, 
N.J. (M) 

Woodside, Robert L., Sound Technician and 
Mixer, U.S. Air Force, Lookout Mountain 
Laboratory. Mail: 8935 Wonderland 
Ave., Hollywood 46, Calif. (M) 


CHANGE IN GRADE 


Jacobsen, Roger G., Supervisor, Audio- 
Visual Installations, University of Wash- 
ington. Mail: 11350 2ist Ave., N.E., 
Seattle, Wash. (S) to (A) 


DECEASED 


Lyons, Thomas T., Projectionist, National 
Theaters Amusement Co., 444 W. 56 St., 
New York 19. (A) 
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Albert S. Howell, Chairman of the Board 
of Bell & Howell Co., died at the age of 71 
on January 3 in Chicago. He had retired 
from active service in 1940 from the com- 
pany which he had helped form in 1907. 

He was born in 1879 in West Branch, 
Mich., and became an apprentice at 16 
for the Miehle Printing Press Co. He 
finished high school in night attendance 
and later studied in night classes at the 
Armour Institute of Technology. From 
his experience in his teens repairing 
motion picture cameras, his inventions led 
him to getting patents on 65 photographic 
devices. 

Three of his inventions are credited as 
forming much of the basis for standardiza- 
tion on the 35-mm film width early in the 
1900’s and the ensuing rapid progress of 
the industry. His inventions were the 
Bell & Howell film perforator (1908), the 
continuous printer (1911) and a standard 
camera. His first patent was on a 35-mm 
projector and that led to the formation of 
the Bell & Howell Co. 

Mr. Howell was an Honorary Member 
of this Society and he was honored in 1927 
by receipt of the Wetherill Medal from the 
Franklin Institute. He was one of three 


Meetings of Other Societies 


men who have received life membership 
in the American Society of Cinematog- 
raphers, the others having been Thomas 
A. Edison and George Eastman. 


Inter-Society Color Council, Annual Meeting, Feb. 28, Wardman Park Hotel, Washing- 
ton, D.C. The ISCC meeting will consist of three sessions. In the morning a 
Discussion and Business Session will be devoted to presentation and discussion of 
various Color Problem Committee reports, and reports from chairmen of delegates 
from each Member Body. The afternoon session will consist of a symposium of 
reports and demonstrations on Color in Government, a program arranged under 
the chairmanship of Dr. Deane B. Judd. In the evening the Photometry and 
Colorimetry Section of the National Bureau of Standards will hold Open House for 


the group. 


Optical Society of America, Mar. 1-3, Washington, D.C. 

American Physical Society, Mar. 8-10, Pittsburgh, Pa. 

American Physical Society, Apr. 26-28, Washington, D.C. 

Acoustical Society of America, May 10-12, Washington, D.C. 

American Physical Society, June 14-16, Schenectady, N.Y. 

American Physical Society, June 25-28, Vancouver, Canada 

American Institute of Electrical Engineers, June 25-29, Toronto, Canada} 

Biological Photographic Association, 21st Annual Meeting, Sept. 12-14, Kenmore Hotel, 


Boston, Mass. 
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New Products 


Further information about these items can be obtained directly from the addresses 
given. As in the case of technical papers, the Society is not responsible for manufac- 
turers’ statements, and publication of news items does not constitute an endorsement. 


The Hydra Pan Head is a new control de- 
vice available from Hydra Pan Head Co., 
2800 Clearwater St., Los Angeles 39, 
Calif. It is mounted on the tripod or 
tripod head and is hydraulically controlled 
to achieve maximum smoothness and 


Proceedings of the Symposium of 
Improved Electronic Components 


This 236-page, illustrated book contains 
papers by 42 electronic authorities and 
experts in the military, manufacturing and 
engineering fields. The volume is the re- 
sult of a symposium sponsored by the 
American Institute of Electrical Engineers, 
Institute of Radio Engineers and the 
Radio-Television Manufacturers Assn., 


horizon parallel. The Hydra Pan Head is 
designed for making murals with still 
cameras and panoramic pictures with 
motion picture cameras using telephoto 
lens. 


with participation by the U.S. Dept. of 
Defense and the National Bureau of 
Standards. It contains articles on minia- 
turization, printed circuits, glass capaci- 
tors, quality resistors, improved tube de- 
sign and the views of aircraft, naval and. 
military experts. The sponsors have ar- 
ranged distribution of the Proceedings at 
$3.50 a copy, postpaid if check accom- 
panies the order sent to: The Tri-Electro 
Co., 1 Thomas Circle, Washington 5, D.C. 


SMPTE Officers and Committees: The Roster of Society Officers was published 
in the May 1950 JournaL. For Administrative Committees see pp. 515-518 
of the April 1950 JournaL. The most recent roster of Engineering Com- 
mittees appeared on pp. 337-340 of September 1950 JouRNAL. 
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Society of Motion Picture and Television Engineers 


342 Mapison Avenuz, New Yor« 17, N.Y., Tex. 2-2185 
Boyce Nemec, Executive Secretary 


Exegcutive Vice-Presiwent, Herbert Barnett, 63 Bedford Rd. 


Pleasantville, N.Y. 
Past-Preswwent, Earl I, Sponable, 460 W. 54 St., New York 19, ‘N.Y. 


OFFICERS 
1951-1952 Vicz-Presipent, John G, Frayne, 6601 Romaine St. 
“Hollywood 38, Calif. 


Convention Vice-Preswent, William C. Kunzmann, Box 6087 
Cleveland 1, Ohio 


Secretary, Robert M. Corbin, 343 State St., Rochester 4, N. Y. 


Enervezringe Vice-Presipent, Fred T. Bowdi Box 6087, 
Cleveland 1, Ohio 


1950-1951 Fovanciat Vics-Presipent, Ralph B. Austrian, 25 


W. 54 8t., 
New York 19, N.Y. 
Treasvunenr, Frank E. Cahill, Jr., 321 W. 44 St., New York 18, N.Y. 


Lorin D. Grignon, 1427 Warnall Ave., Los Angeles 24, Calif. 
Paul J. Larsen, Borg Warner Corp., 310 S. Michigan Ave., Chicago, Ill. 
William H, Rivers, 342 Madison Ave., New York 17, N.Y. 
Edward 8. Seeley, 161 Sixth Ave., New York 13, N.Y. 
R. T. Van Niman, 4441 Indianola Ave., Indianapolis, Ind. 


F. E. Carlson, General Electric Co., Nela Park, Cleveland 1, Ohio 
William B. Lodge, 485 Madison Ave., New York 22, N.Y. 
Thomas T. Moulton, 4475 Woodley, Encino, Calif. 
1951-1952 Oscar F. Neu, 330 W. 42 St., New York 18, N.Y. 
Norwood L. Simmons, 6706 Santa Monica Bivd., Hollywood 38, Calif. 
Lloyd Thompson, 1105 Truman Rd., Kansas City 6, Mo. 
Malcolm G. Townsley, 7100 McCormick Rd., Chicago 45, Ill. 


Cuaseman, Arthur C. Downes, 2181 Niagara Dr., Lakewood 7, Ohio 
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Ansco Corporation Kolimorgen Optical Corp. a 

Audio Productions, Inc. March of Time , 
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Forde! Film Laboratories Radio Corporation of America, aes 
General Electric Company RCA Victor Division Pei i 
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